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1 0  INTRODUCTION 

This Techmcal Memorandum 0 presents an amended Phase I Field Sampling Plan (FSP) Plan 

for the Phase I Resource Consemahon and Recovery Act (RCRA) Facility 

Inveshgahon/Remcdml Invesbgabon (RFYRI) of the Woman Creek Dramage (Operable Umt No 
5 (OU5)) at the Rocky Flats Plant (RFP), Jefferson County, Colorado ms TM presents the 

results obtamed dunng the implementahon of the Phase I RFYRI Work Plan for OU5 (DOE, 

1992), identifies gaps rn the data obwed thus far m the inveshgahon and proposes an amended 

Phase I FSP for obtatnrng the informahon necessary to fill those gaps 

This TM IS presented in two volumes This volume, Volume 1, provides a summary of the data 

obtamed by the Phase I RFYRI to date (Sechon 2 0) and then provides a proposed amended FSP 

for obtaming necessary addihonal mformatlon (Sectlon 3 0) Volume 2 of this TM presents a 
dew& discussion of the Phase I RFYRI achvihes conducted to date Volume 2 also outhes 

the methodology for and results of each stage of the investlgatron and provides the bases for the 

identlficatlon of data gaps and the development of the amended FSP 

1 1  PURPOSE OF PROJECT 

The purpose of the OU5 Phase I RFYRI is to assess the potenhal contaminahon associated with 

several Individual Hazardous Substance Sites (IHSSs) that are located withm the Woman Creek 
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draurage The data collected under the field mvest~gat~on porhm of the RFWRI wdl be used to 

begm developmg and screcmng rem& d w e s  and to evaluate the necd for further studies 
of the OU5 IHSSs The data wdl a h  be used to eshmade rwlcs to human health and the 
enwonment posed by each MSS 

Thls TM has two pnmary 0 b j e ~ t . 1 ~ ~ ~  The first is to usc the c m t l y  avatlable results to 
descnbe the act~wues that have been performed undef the Phase I RFURI Volume 2 of thls 
TM accomphshes the fkt objectrve The second objectrve is to ident~fy where actdibonal data 

are requmd to assess the naftrre and exocnt ofcontarmaatrc#r at an MSS and to provide an 

amended Phase I FSP for &mung these data "his volume (Volume 1) of th~s TM addresses 

the second objccuve 

12  BACKGROUND 

Eleven IHSSs, geographcally located along or wthm the d m a g e  areas of Woman Creek 

(Figure 1 2-1), have been desgnated as OU5 These IHSSs mclude the O n g d  Landfill @IsS 

115), Ash PI&, Incmerator area, and Concrete Wash Pad (IHSSs 133.1 through 133 6), 
Detenhon Ponds C-1 and C-2 (MsSs 142 10 and 142 ll), and a Suffke Disturbance (MSS 

209) Ponds C-1 and C-2 are the only MsSs located on Woman Creek The remamng IHSSs 

are located along the banks and/or upland arcas that dram mto Woman Creek or lnto the South 

Interceptor Ditch (SID) In additaon to these IHSSs, two addihonal surface disturbances are 

being invesbgated m the Phase I OU5 mvestIgabon, a Surhx Disturbance West of IHSS 209 
and a Surface Disturbance South of the Ash PI& 
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On May 27, 1993, the U S  Environmental Protecbon Agency (EPA) and the Colorado 

Department of Health (CDH) notlfied the U S Department of Energy (DOE) that IHSS 196, 

Filter Backwash Pond, was to be included rn the OU5 rnvestlgahon This IHSS was prewously 

scheduled to be mvesogated as part of Operable Umt 16 (OUla), Low Pnonty Sites Because 
of its proximty to MSS 115, the inVCShgahOn of IHSS 196 was conducted concurrently with 

that of IHSS 115 

Secbon 1 2 1 of Volume 2 provides a detsuled descnpbon of the physical setbng and known 

disposal history of each of the OU5 MSSs 
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2 0  SUMMARY OF PHASE I FIELD INYPSTIGA'I" 

Thls secaon promdes a summary of the results &tamed dmng 1mplementaQm of the FSP 
defined by the OU5 Work Plan @OE, 1992) and as amended by aewd TMs dumg v a ~ u s  

stages of the field mvcst~gatum A total of ten TMO were prepred dumg thc I m p l e m c n m  

of the Phase I FSP at OU5 Section 2.1 of Volume 2 chscusses the scopt of the field 
investxgatmn at each IHSS, as defined by &e OUS Work Plan and each of the TMs 

Semons 2 2 and 2 3 of Volume 2 descnbt the field mvesagat~on procedures and data anaIysls 

methodology, respecavely, that were employed All field mvesngatlons were conducted m 
accordance with the apphcable RFP Standard operating procedures (SOPS) As discussed 1~ 

Sectlon 2 3 of Volume 2, the cornpanson of non-baekgmund data to background concentratms 
used for th~s TM conslsted only of a comparison to background upper tolerance llmrts (BUTLS), 

as provided 111 the 1993 Background Geochemcal Charactenzat~on Report (EG&G, 1993a) To 

date, backgrourtd concentrations have not been tstablishd 111 rhe Background Geoch-cal 

Characternabon Report for suTfgce sods at RFP However, several surface sod sampfes have 

been collected from the Rock Creek draurage northwest of RFP The data for these so11 samples 

are used as representatwe of background cunmtrahons for surface wds 111 this TM 

As noted above, for the  purpose^ of th~s TM the companscm of slte data to background 

concentrations conslsted only of a companson to BUTLs For those analytes where BUTLs 
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were not promded by the Background Geochemcal Charactennhon Report, the maximum 
background concentrahon for those analytes was used for thn cornpanson The BUTL for all 

organic compounds (volables, semi-volatdes, peshcides, and polychlonnated biphenyls (PCBs)) 

was considered to be the detectron hrmt (I e , any detected orgaruc compound was considered 

to be present m concentmoons exceedmg background) The approach of using BUTLs is 

beheved to be adequate for pmwdmg an mhal mdicahon of the presence of conmunabon at 

an IHSS and for evaluatmg where ad&honal data may be requrred to sahsfy the ObJechveS of 
the OU5 RFYRI Th~s approach appears to be partmlarly valid for the purposes of this TM 

smce the data that are absent for many IHSSs pertatn to physical charactenshcs (e g the 

presence or absence of an ash pit) rather than chermcal charactensbcs When all of the samples 

collected under each stage of the Phase I RFI/RI have been analyzed, a larger suite of stahst~cal 

tests (the Gllbert Methodology) wll be applied to these data to select which site contaminants 
wlll be evaluated m the nsk assessment process 

2 1  IHSS 115 (ORIGINAL LANDFILL) AND IHSS 196 (FILTER BACKWASH POND) 

Sechon 2 4 of Volume 2 provides a detaxled discussion of the methodology for and results of 
the Phase I mvestigahon conducted thus far at IHSSs 115 and 196 A summary of the 

informaQon presented m Volume 2 is provided below Figure 2 1- 1 shows the locahons of these 

IHSSS 

2 1 1  Stage1 

Stage 1 actrvihes conducted for IHSSs 115 and 196 included reviewng aenal photographs taken 
dumg the operahon of the Ongmal Landfill to idenhfy the extent of disposal operauons Stage 
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1 also mvolved mew of the results of a gamma radmtmn mvey conducted rn 1990 and a 

rewew of any addmmal saadres conducted subsequent to completion of the OU5 Work Plan 

These amvlt~es are discussed u1 detarl m Section 2 4 1 of Volume 2 

The aenal photosraphs mewed werc verhcal aedLaj photographs from the Aenal Photograpk 

Analysis Comparison Report @PA, 1988) and a scnes of obhque amid photographs obtained 

from the RFP archvcs The m e w  of avadable aeml photogmphs resulted m some 
m&ficaQons to the &mensons and boundaries of IHSS 115 shown rn the OU5 Work Plan 

These m&catums arc summanzed below and shown on Figwe 2 1-1 

A suspect area shown as dsturbd ground and a possble pit off the west end of 
IHSS 115 were iden- 

The surface Qsturbance east of the landfill was enlarged to include an area 
mtefpreted as rubble cast of the roBd on the cast sde of the surface disturbance 
Thls mterpretat~m is based on an evaluatron of &hqw aenal photographs taken 
m December 1987 that clearly define the rubble piles Tius rubble is intzrpreted 
as matenal used to umstruct a CoIlectlOn basrn far the Qscharge outlet for the 
outfall pipe shown on Figure 2 1-1 

The on@ outfall pipe, now abandoned, was constructed in 1986 and was 
extended to the south by a amugatcxi metai flume The bund outfall pipe 
extcndmg to the ~ ~ ~ t h c a s t  was addai m atha 1987 or 1988 The ConstNCtlon 
of both storm-sewer ppes would have rwulted m the displacement and rebunal 
of a substantxal amount of landfill m a t e d  

The dramage ditch shown to the east of the outfhll pipes was visible on vemcal 
aenal photographs from 1955 through 1981 and was apparently covered or 
parhally filled pnor to 1983 The ditch is clearly vmbk on obhque photographs 
taken u1 1967 and 1969 wfuch show a culvert under the mlroad tracks and 
probably under the mam mad Then IS no photogqhc mdence that the culvert 
was removed, sealed, or extended before the ditch was covered 



EG&G ROCKY FLATS PLANT Manual 211001WP-OUOS 1 
Techn~cal Memorandum No 15 section 2 0, Dran Fimal Rev 0 
Amended Field Samplmg Plan m e  2-4 of 2-44 
Volume 1 Effective Date May 13, 1994 
Category 1 Orgamzabon Envlronmentd Remedrabon Div 

0 The berm shown to the south of the west end of the landfill was under 
construchon in oblique photographs taken on November 15, 1967 Obhque 
photographs taken on June 5, 1969, July 11, 1969, and May 15, 1970 showed the 
area behmd the berm (north side) in vanous stages of being filled with rubble and 
a number of large unidenhfiable objects It may be significant to note that one 
of the umum-238 anomalres detected by the 1990 high punty germmum 
(HPGe) survey described below occurred just to the south of this berm 

0 Obhque photographs showed that the pond idenufied on the 1955 verhcal aenal 
photograph @ISS 196) and mterprcted to be filled m on subsequent photographs 
appeared to have been completely washed out m later years Consequently, any 
sludge or sediments that would have accumulated when the pond was in use may 
have spread out below the pond slte or been deposted m Woman Creek pnor to 
the construc~on of the South Interceptor Ditch (SID) 

Aenal photographs mdicated that the landfill was operated as an area fill Waste 
appeared to have been dumped over the southern edge of the alluvial pediment 
on which RFP is located and spread over the southerly-facing slopes incised by 
Woman Creek Groundtruthing, conducted as part of the aenal photograph 
revlew process, indicated that the landfill cover is intact above a topographic 
break near the center of the landfill, which signifies the upper edge of a slump 
Below the topographc break, the cover appears to be eroded wth numerous small 
slumps, which locally expose some of the waste 

Dunng the penod from October 25, 1990 through December 8, 1990, a gamma radiation survey 
was conducted over the area of the Onginal Landfill using a 20 percent N-type, HPGe detector 

(DOE, 1992) The survey data are presented m Volume II, Appendix B, of the OU5 Work 

Plan Th~s mvestlgaQon found that radiatlon m the soil was contnbuted from potasslum, 

uraruum, and thonum Radium and cesium were also measured indirectly from daughter 

isotopes Review of these data mdicates that achvity from most of the detected isotopes was 

consistent wth natural background, however, there were areas that efibited elevated uranmm- 
238 acbvity (hot spots) The uranium-238 hot spots idenbfied by this review were surveyed and 
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marked wth stakes for subsequent rad~olog~cal sunmys (sectK#l2 1 2) and samphng ZhnheS 

(Sectton 2 1 3) 

2 1 2  Stage2 

Stage 2 acttwhes at IHSS 119196 msrsted of geuphyscal and scnl gas surveys, as werc 

spemfied m the OU5 Work Plan In &tm, a rad~olog~cal survey wth a Field Instrument for 

the Detechon of Low Energy Radratron @IDLER) was conducted to supplement the 1990 HPGe 

achwtm m dedad, and they are summanzed m thas scctlon 

s w e y  d l s c d  m the prcvmus secuan sectlolr 2 4 2 of Vdllme 2 dl!mwcs the stage 2 

2 12 1 Geophysrcal Surveys 

Frequency-domain electromagnetic (EM) and magnetometer geophysicd surveys were conducted 

in IHSS 115/1% h m  October through December 1992 The magnetomar survey conducted 
at IHSS 115/196 was evaluated for mdiations and locat~ons of buned ferromagnehc objects 

Such objects may be an mdiamon of b u n d  waste, thereby urdrcabng possible IHSS boundancs 

The EM survey conducted helped to characterize the iandfill boundaries by conductwity 

differences between name and dumbed sod The results of these surveys confinned the known 
locat~on of the landfill and Cfid not iden* add~honal arcas requsnng mvcsQgab~ 

The magneac data (Figure 2 4 2 1-1 m Volume 2) indicate an anomalous area that comades 

wth the known locanon of the landfill T ~ I S  presumably is assocfated with buned metallrc 

i >- 
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objects m the landfill Useful data could not be acqumd beneath the power h e s  near the 

southern boundary of the landfill due to the overndmg EM mtedmce produced by the ha 

The EM conductwity data (Figure 2 4 2 1-2 in Volume 2) exhbit an anomalous area of 

relabvely high conducbvity that comcides to the known locaaon of the Onginal Landfill Thls 

anomalous area may be attnbuted to the hgher moisture content of disturbed ground, an 

extensive amount of landfill cover matenal or disturbed sediments, &fferences in geological 

sediments, or b u n d  conductwe metahc objects A large anomaly that occurs in the mam 
por&on of the landfill cornlam wth the area m whch the most mtenslve magnChC anomaha 

occur and may be attnbuted m part to burred metahc objects 

2 1 2 2 Sol Gas Survey 

A real-bme soil gas survey was performed at MSS 115/196 as proposed by the OU5 Work Plan 

The purpose of the sod gas survey was to proade Phase I scre!emng-level data concerning the 

presence or absence of vOlat.de orgaruc contarnutants at the Onglnal Landfill, including IHSS 

196, and the disturbed area east of the Onglnal LandNl (DOE, 1992) Volaule orgaruc 

compounds (VOCs) that may have been placed m the landfill mclude commoniy-used solvents, 

such as tnchloroethene (TCE), carbon tetrachlonde, tetrachloroethene (PCE), petroleum 

distdlates, 1 , 1,l-tnchloroethane (1, 1 , 1-TCA), dichlommethane ( D o ,  benzene, p n t ,  and 

pamt thmners (DOE, 1992) The survey mvolved the collecuon and analysis of over 300 soil 

gas samples 

Anomalous readmgs encountered dunng the survey were further invesugated by addibonal Soil 

gas samphg Plumes of VOCs identdied by the sol gas survey were further assessed by the 
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subsequent dnllmg of bonholes w h  the plumes and mtdkQon of groundwater m b M g  

wells downgradtent of the plumes (Sect~on 2 1 3 3) The results of the sod gas suwey are 

discussed m detatl m Section 2 4 2 2 of Volume 2 

The s m e y  resulted 111 the idcntlficatm of three areas of anomalous concentrattons of l , l , l -  

TCA, TCE, and PCE One of these areas was located war the -of the Wf3l adjacent 

to the abandoned storm-sewer o u m  (Figure 2 1-1) The other two areas were located on a 

hlllSldC &J-t t0 m s  1% @gUrt 2 1-1) 

In July 1993 ( s u b q m t  to Complegon of the  SO^ SUN-), a small-scale U I ~ ~ ~ S I C  

permeablllty study was oonductcd 111, and a d . t  to, IHSS 11s The purpose of the study was 

to assess the urtnnsrc an pcrmeabllrty of the OUS area wlth more prag;lsion than the general 
order-of-magrutude est~mates provided m charts of permeabhty versus sod type Prelimrnarp 

examrnatlon of the results of thls study lndtcate that short arcwtmg oodd have occurred during 

the performance of the S Q ~  gas survey Short arcuimg w thedrawmg of fresh ax through the 

subsurface formatmn from a pcmt near the vapor well urstead of drawing the 

subsurface vapors that are further from the well nie subsurftwe vapor is then &luted by the 

fresh au, and consequently, the vapor conccrrtrabon observed in the laboratory IS less than the 

actual subsurface concentmaon As b u s s e d  m Section 3 1, the results of the mtmslc au 

permeabhty study requlre further evaluahon to deterrmne whefks short cvcuiting occurred 

2 1 2 3 FIDLER Surveys 

Several areas of IHSS 115 werc surveyed a FIDLER dunng March to June 1993 The 
purpose of tius survey was to further dcheate an&= identdied by the 1990 HPGe survey 
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discussed in Sechon 2 1 2 1 The HPGe survey of the IHSS 115 area conducted 111 1990 
idenhfied ten areas of anomalous umum-238 aChMty Due to the nature of the HPGe survey 

(1 e , it detects radiahon over a relatively large area), it was necessary to perform an addihonal 
surface radiologxal survey to idenhQ the source(s) of these anodes  The results of this 

survey would prowde mformatlon neccsaq  to d m t  surface sod samplmg achvihes (Section 

2 1 3 1) and to idenhfy where it may be necessary to estabhsh Radiologically Controlled Areas 
(RCAs) to control personnel movement wthm those areas Sechon 2 4 2 3 of Volume 2 detads 
the performance and results of h s  survey 

At two HPGe staQons located near the center of the landfill, the FIDLER surveys identlfied ~ l l c  

areas of anomalous radioactivity Each of these areas was posted as a RCA The source of 

radiahon m several of these areas was determined to be from matenal that is protruding from 

the landfill surface The remauung areas do not contam specific sources of radiahon but appear 

to encompass areas of contammated soil or contam small piuhcles of radioachve matenal 

scattered over a relahvely large area As discussed m Sectlon 2 1 3 1, m those areas where a 

piece of landfilled matenal was not identlfied as the source of the detected radmbon, surface sod 

samples were collected to charactem the contarmnatlon present 

Several pieces of radmachve matenal were removed from these areas on May 28, 1993 dumg 

an emergency removal acbon Thls mated was placed III an area designated for the storage 
of radioacuve matenal The matend removed consisted of a 4- to 6-mch diameter p i e  of 

concrete coated with a corroded metalhc matenal and several small (1- to 2-inch diameter) 

spherical pieces of rusty matenal Measurements performed by EG&G Rad~ological EnguMxmg 

indicated that the principle isotope present in these matenals was umum-238, although no 
qWIhfiCahOn of the acawty present was prowded DUMg the COuechOn of surface sods 
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(Section 2 1 3 l), seweral other pews of rad~oact~vc mated were removed from these areas 

One was a rod-shaped mated si& to the larger piece dambed above Analyses conducted 

by Radtolog~cal Engmeenng determrned that th~s rod COMitincd a p p m x ~ ~ t c l y  25 ~ o c u n e s  per 
gram (nCdg) of uramurn-238 The ana€yses of all of the matends removed rndxated that the 

uraruum was depleted 

2 1 3  Stage3 

Stage 3 actrvttxes at IHSS 115/196 consisted of the CdEeCtlon of surfsbcf sod samples, the dnlltng 
and sunplmg of chamctamtm boreholes, and further rnvest~gat~cm of the anomahes d&cctal 

by the sod gas survey d~scussed m Sectron 2 1 2 2 Stage 3 acmtxes are d i d  m d d  rn 
Sectxon 2 4 3 of Volume 2 and arc summazlzcd m th se!ctxon 

2 1 3 1 surface Sod Samphg 

The surface sod samphg at IHSS 1 1 9 1 %  was d u c t e d  IXI two phases (see Sectxon 2 4 3 1 

of Volume 2) The Phase 1 program collected surface sod samples h m  an area defined by 

Stage 1 rewew of acnal photographs and by m e w  of the 1990 HPGe r a d ~ W ! ~  survey data for 
IHSS 115/196 (Scc~on 2 1 1) Phase 2 surface sod sampljng would have been implemented If 
the Stage 2 field mvcstxgat~cms, &sewed m S-on 2 1 2, md~cated that the d extent of the 
landfill was greater than the anal photos and the 1990 HPGe racktm s m y  lndxatcd None 

of the Stage 2 act~wtxes indicated that the extent of the landfill was larger than previously 

known, and only the Phase 1 samphg program was CoRdUcted 
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The Phase 1 samphg program was designed to include ten biased samples from the radtahOn 

anomahes idenhfied by the HPGe survey and 51 random samples collected on a gnd The 

sampling plan also prowded for addihonal surface sod samples to be collected from suspected 

contaminated areas idenufied by other ongoing mVeShgah0nS of MSS 1151196 FIDLER 

surveys were among the ongomg mvestIgahons and were used to pinpoint the locauon of the 

anomahes idenhfied dunng the 1990 HPGe radlauon survey (Sechon 2 1 2 3) As a result of 

the FIDLER surveys, two addihonal surface sod samples were collected 

Surface sod samples were collected at 66 locahons m MSS 1 W196 Fifty four of the samples 
were analyzed for target andyte hst (TAL) metals, radionuchdes, peshcides, PCBs, semi-volatrle 

orgmc compounds (SVOCs), bulk density, parhcle sue, specific conduchvity, carbonate, pH 
and total orgmc carbon (TOC) Twelve of the samples were collected at HPGe and/or FTDLER 

anomalies and were analyzed only for radiological parameters Two sediment samples were also 

collected from seeps near IHSS 115 and were analyzed for radionuclides, TAL metals, 

pesticides, PCBs, SVOCs, and VOCs 

The analyses of surface sod samples idenhfied samples with concentrahons of copper (13 

samples), zlnc (five samples), sllver (two samples), and lead (one sample) greater than 

background Results for five of the 12 surface sod samples collected from HPGe anomalies 

have been reported by the laboratones, and all five ehbited radioachvity exceeding BUTLs 

Uranium-233/234, uranium-235, and uranium-238 exceeded the BUTLs in all five samples, 

plutonium-239/240 exceeded the BUTL m two of the samples, and amencium-241 exceeded the 

BUTL 111 one sampie The analyhcal results for the remammg seven samples collected from 
radiahon anomal~es have not been received, but all of these samples displayed anomalous levels 

of radiahon on field instruments Some of these samples were also analyzed by EG&G 
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Radiologd Enpeenng u m g  a portable HPGe detector 

uran~um-238 is the pnncipal rad~muchde present 

Thest analyses indiated that 

Umum-233/234 (three samples), uriuuum-235 (one sample), uranrum-238 (aght samples), 
pluton1um-239/240 (two samples), and amcnuum-241 (one sample) were detected at achwhcs 

ex&g background m the samples collected at the 54 random locations Pestndes, PCBs, 

and a wde vaneq of SVOCs were also detected m several surfixe sod samples The locahons 

where the concentra~ons of both 1~lrgamc and orgalllc compounds excecdmg background 

concuttratxcms were detected arc oented suound the abgndoaed stzlrm-sewer outfall near the 

center of the l2fndm (Figwe 2 1-1) 

One sediment sample coUected from seeps adjacent to IHS 115 exhibited an anhmony 
conmmhon greater than the BUTL Neither of the two sexlxment samples from the IHSS 115 
area contamed &onuchdes wth act~wty greater than the BUTL nor detectable ConcentraUons 

of peshcides and PCBs, Both of these samples cuntaancd detectable quanbtm of SVOCs, and 

one sample contamed a detectable conccntra~on of PCE 

fight boreholes wcrc mstalled m IHSS 1191% for subsurface ctiaractenzatrOn purposes as part 
of the OU5 Phase I RFYRX SIX boreholes were mstalled in the disturbed area east of the 

landfill (Figure 2 1-1), and the remauilng two were loeated m the former ponds (IHSS 196) 

The chariictermhon bonng p m g m  is d~scussed m de&d m sectron 2 4 3 2 of Volume 2 
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Metals analyses resulted in the detechon of five COnShtuents (banum, copper, lead, manganese, 

and zmc) at concentratlons exceedmg BUTLs m samples from three of the eight boreholes 
Radiological analyses idenbfied several samples from three of the eight boreholes wth achwhes 
of plutomum-239/240, amenaum-241, and urnurn-238 greater than BUTLs All of the 

radiological contammataon mdicated for these locahons appears to be confined to samples 
collected from the upper 6 feet (ft) of each borehole The laboratory analyses performed on the 

sod samples collected from MSS 196 resulted m the detezhon of several peshcides and PCBs 
However, neither peshcides nor PCBs were detected m samples from boreholes in the disturbed 

area east of the landfill A vanety of SVOCs and VOCs were detected m samples from 
boreholes at both locahons 

2 1 3 3 Inveshgahon of Soil-Gas Anomalies 

Four boreholes and two "mi-wells" were installed within the anomahes identrfied by the soil- 

gas survey (Sechon 2 1 2 2) to further inveshgate these anomahes The four boreholes were 
installed w i h  the anomahes located adjacent to MSS 196 Sod samples were collected dumg 

dnlling from these boreholes, and a one-hme groundwater sample was collected with a 
Hydropunch II samphg dew- from one borehole The mm-wells (smalldiameter monitonng 
wells) were mstaUed w i h  the anomaly near the center of the landfill Due to the 

inaccessibhty of this area to a large dnll ng, these mm-wells were installed usmg a small 

hydraulic ng mounted on an all-tenam vehlcle Sod samples were collected at these locahons 

dunng dnhng, and a groundwater sample was collected from one of the mim-wells (the other 
mni-well was dry) The mstallatlon, samphg, and results for these boreholes and mim-wells 
are discussed m SechOn 2 4 3 3 of Volume 2 
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The results of the analyses of the sod and groundwater samples callacted from the boreholes and 

m - w e l l s  dnlled wrthm each sod-gas a n d y  confirmed the results of the sal-gas survey The 

VOCs detected by the sod-gas survey were also detected tn scnl and groundwater samples at each 

anomaly In addibon, several m a s ,  plu$omum-239iC240, -mum-241, uraruum-233M34, 

umum-235,  m u m - 2 3 8 ,  pcshades, PCBs, and SVOCs wen? detected at concentra~ons 
exceuhg background levels at several locations 

2 1 3 4 Surface-Water and Sedtment Samplmg 

The Phase I FSP outhed by the OUS Work Plan spemfkd the oollecttorr of swface-water and 

sediment samples from throughout the Woman Cmk dramage Although the OU5 Work Plan 

called for thu samphng program under Stage 3 of the IHSS 115 mveshgaQon, the samples 

collected were to pmwde data apphcable to the other OU5 Msss TM1 (EG&G, 1993b, as 

amended) was prepared to summanze emmg data collected under other programs and to define 

a rewsed surface-water and sediment sunphng program for OU5 The mults obtamed by thts 
sampling program are W e d  in Sect~on 2 4 3 4 of Volume 2 

Surface-water samples were collected from vanow locations m the Woman Creek dratnage 

dutlng two base-flow samphg events (rJovember 1992 and M v c h  1993) and two high-flow 

Sampling events m h  1993 and May 1993) An & d l t ~ d  htgh-flow samplurg m a t  took 
place dunng Apnl 1994, and no results are avadable yet for tlus event Analyses of the data 

from the two base-flow and first hgh-flow sampltng events m d ~ a t e  that although a few samples 
contamed greater than background conce.ntrahons of some analp, these diversions from 

background umcentratms are not beheved to be mbcative of contamnat~on 
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Sediment samples were coLlected one time at vanous ~OCahOnS in the Woman Creek dramage 
Several conshtuents were detected at concentrahons exceedmg background at vanous locations 

2 1 4  Stage4 

stage 4 aCtIViheS conducted at IHSS 119196 consisted of a cone penetrometer teshng (Cryr) 

program and the mvesbgahon of groundwater qualrty through the use of well pomts and 

momtonng wells The implementauon and results of these acuvitres are discussed in detsul m 
Secbon 2 4 4 of Volume 2 and are summanzed m thts sectton 

2 1 4 1 Cone Penetrometer Testing 

Performance of CFT was proposed m the OUS Work Plan as part of Stage 4 actlvihes of the 
Phase I RFYRI of IHSS 115 The OU5 Work Plan also specified that a TM be prepared 

outhung the detsuls of the cone penetrometer use, type of sampler, and spacmg of test locahons 

TM6 (EG&G 1993c) was prepared based upon evduahon of work conducted dunng Stages 1, 

2, and 3 and promdes specifics of the proposed CPT program Secbon 2 4 4 1 of Volume 2 

discusses the CPT program m detsul 

CPT provldes a way to rapidly measure sod parameters such as bp resistance, local fnctlon, and 
pore pressure The overall purpose of the CPT samphng program as stated in both the OU5 

Work Plan and TM6 was to 

characte!nze subsurface sediment type (lithology), 

0 interpolate subsurface condihons between control boreholes, 
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As spec~W m TM6, CPT was performed dmng AN1993 alang a angle h e  of locabms near 
the "toe" of the O n g d  Landfill and south of the SID unth a m u m  of 1 0 0  ft between 

locations 

Five sgmficant bedrock lows were ideafied by the CPT program Water was found to be 

present 111 three of the bedrock lows, the other two lmons  were dry Water was also found 
at two areas ident~fied as bedrock tughs The mformat~on proMded by CPT was used to 

subsequently locate well po111ts (Sect~on 2 1 4 2) and momtomg wells (Section 2 1 4 3) to 
invesbgatc groundwater q d t y  m the vicnty of the landfill 

2 1 4 2  WellPomts 

Pedormance of me-ttme groundwater saxnphg assoc18tcd unth thc CVT program was proposed 
m the OUS Work Plan as part of Stage 4 of the Phase I RFI/RI of MSS 115 TM6 (EGdrG 

199%) specified locations for groundwater samples and analytc hts The OUS Work Plan 
stated that groundwater be sampled wlth a Bengt-Arne Tortenssc#l @Am (or eqwvalent) 

samphng h c e  TM6 specified that the groundwater samples be obtatned uslng well polnts 

rather than the BAT0 because of advantag- related to simplmg rntervals (1 e , screened length) 



EG&G ROCKY FLATS PLANT Manual 211oo-wP-ouo5 1 
Techmcal Memorandum No 15 Section 2 0, Draft Fiial Rev 0 
Amended Field Samplrng Plan page 2-16 of 2-44 
Volume 1 Effective Date May 13, 1994 
Category 1 Orgamzation Enwonmental RemeGtion Div 

and sample volumes (EG&G, 1993~) 

discussed m Sectlon 2 4 4 2 of Volume 2 

The mstallahon and samphg of these well pcmts is 

A total of 10 well points were mstalled along the downgradient penmeter of MSS 115 Well 

points that produced a suffiaent amount of groundwater were sampled one hme shortly after 
installahon At the hme these well pomts were sampled, two well pomts located near IHSS 115 

that were mstalled as part of an EG&G study of seeps and spnngs, and one of the mm-wells 

installed withm one of the sod gas anomalies were also sampled 

The followmg is a hst of conshtuents detected in samples of groundwater from withm the 

footpnnt of the landfill at concentrahons greater than BUTLs (all results are for unfiltered 

- P W  

lithlum, mckel, and strontlum, 

common mons of calcium, magnesium, and manganese, 

radium-226 and stronhum-89/90, 

general water quality parameters of orthophosphate and TDS, and 

VOCs of acetone, l,l-DCE, 1,2-DCE, l,l,l-TCA, TCE, and PCE 

The well points indicated the presence of groundwater near the toe of the Onginal Landfill 

Potenhal migrahon pathways have been characted as locahons that have groundwater present 

However, given that where samples could be obtamed and where conshtuents were detected 

exceeding BUTLs, the chermstry of groundwater downgradient of the landfill needs further 
inveshgatlon (Sechon 3 1 2 3) 



EC&G ROCKY FLATS PLANT Manual: 21100.wP~Uos.1 
Techmcal Memorandum No. IS Section 2.0, Draft Final Rev 0 
Amended FEld Sampling Plan Page: 2-17 Of 2-44 
vohuw 1 Effective Date. May 13, 1994 
Category 1 0rlFpni;EPtion: Environmental Remediation Div. 

Accordmg to the OU5 Work Plan (DOE, 1992), stven monitoring wells were to be lnstalld at 

IHSS 115 as part of the OU5 Phase I RFYRI The OUS Work Plan also stipulated that the exact 

l m o n ,  type, and number of momtonng wells would depend on the results of Stages 1 through 

3 of the Phase I mvestlgatmn, and that tlus mformablan would be presented m a TM A letter 

dated June 18,1993 replaced h s  proposed TM (sa A p p & ~  A of Volume 2) This 1- 

proposed that five wells bemstalld cbwngdlent of the Iandfill and one installed urlthur Mss 
The plrpoee of these wells was to lnonltor pi#ent and future contarmnant levels 1% 

downgradient of the landfill and to help establtsh future 01 present contarmnant rm-m 

problems The detads of the groundwater mveshgatm are p m d e d  tn Sectm 2 4 4 3 of 

Volume 2 

Five momtonng wells and two borcholts were mstalled as part of the groundwater invab@Qon 

of IHSS 115/196 The two boreholes were drilled at locations ongmdly mtended for m0m-g 

wells but where groundwater was not encountered dunng d d h g  The boreholes were plugged 

and abandoned, and alternate locations were selected for mstalWon of momtonng wells Sod 

samples were collected dunng the d n h g  of all wells and borchdes, and the two wells that 

produce sufficient groundwater are bemg sampled on a quarterly bass 

Copper, chromum, mckel, sdver, m c ,  and manganese were detected m conccnmtlons 
ex-g BUTLs m sod samples collected from these wells and boreholes Plutomurn-239/240 

was also detected tn two sod samples at act~vit~es excadurg the BUTL The PCB Aroclor-1254 

was detected m a sod sample from the well mstalled wlthlll IHSS 196 A variety of SVOCs and 

VOCs were also detected m several sod samples from these wells and boreholes 



EG&G ROCKY FLATS PLANT Manual 21100-WP-OU05 1 
Techmcal Memorandum No 15 Section 2 0, Draft Final Rev 0 

Volume 1 Effective Date May 13, 1994 
Category 1 

Amended Field Sampling Plan page. 2-18 of 2-44 

Orgmuzatmn Enmnmental Remedmtion Div 

Groundwater samples collected from these wells have contamed a large number of metals at 

COnantrahOnS exceedmg BUTLs Plutomum-239/240, amencium-241 and rachum-226 have also 
been detected at XhVIbeS exceedmg background No peshades or PCB consbtuents were 

detected m the groundwater samples collated to date m the MSS 115/196 momtonng wells 

A vanety of SVOCs have been detected m groundwater samples, pnmardy those from the well 

installed withm IHSS 196, and the VOC methylene chlonde, a common laboratory contarmnant, 

was also detected m one sample from the well wthm MSS 196 

Two of the wells mstalled at MSS 115/196 wert  selected for aqwfer testlng A mulhpbwd 

pumpmg test was performed at IHSS 196, and a smgle-well slug test was performed in one well 

downgradient of IHSS 115 The mulhple well test appears to have been successful, however, 
the slug test data mdicated that the results at that loahon may not be representabve of the 

formahon’s charactenshcs but may represent the hydrauhc conducbvity of the filter pack (see 

Secbon 2 4 4 3 of Volume 2) 

2 1 5  Stage5 

stage 5 actrvlbes at IHSS 115 mvolved InVeShgahOn of the storm-sewer pipelines that protrude 

from the Ongmal Landfill area These actmtm are discussed in deml in Secbon 2 4 5 of 
Volume 2 and are summanzed m thrs SechOn 

2 1 5 1 hveshgabon of Storm Sewer 

The acbvihes performed to mvesbgate the storm-sewer pipehes included collechng a one-bme 

sample of the water dischargmg from the actlve pipehe and perfomg a video-camera survey 



of the storm-sewer system to detennure andor venfy contlccb#Ms and the source of the constant 

Qscharge from the system 

Analfical results of the mgle sample &taured d m g  dry weathex from the stann-sewer outfall 

did not yldicate elevated amamtrii&ons for radmnuchdes, trace e, or p n t y  poUutanQ 
( o r g m c  constituents) 

The wdeo-camera sumey of the pipelm m&cated that, for the most part, the stom-sewer 
system had oniy small rocksand sadtrr#ntdongm mvat, some &ghtgroundwaterinfiowsat 

jomts and manholes, and an occamd 6-mclr polyvmyi chloride (PVC) mf dram coNlde$on 

entenng through the top mcm of the ppe However, a ammuom dry-wdter dtscharge was 

seen entenng the system through a 12-inch cormgated m d  pipe (CMP) at a manhole from the 

Bulldrng 447 foundation u n m  system (Jacobs, 1994) Another manholehad an interrmttent 

high-velmty mflow whch entered the manhole through a 6-tnch PVC pipe located at the 
southeast corner of the manhole This inflow appeared to be pumped mto the manhole from a 
sump pump Based on the location of the pipe, the flow IS assumed to be cormng from B d b g  

440 or the evaporahve coohg tower loca€cd along the west sdc of Buddmg 440 

21.6 AmbkmtAirMonitormg 

Ambient au mmtonng was conducted to mvmgatc the pnmary release mechmsm of fusltrve 
dust wmd emson of r a d i o l o g x a l l ~ ~ ~ t c d  surface sods from M S S  1151196 in OU5 
Health and safety (Ha) monitoring for personnel protecaon provldtd some additlomi 

infonnatton about the potenhat release mechums of volatslmhon of orgaruc gases and of 
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e r n e  transport of radiological contmmannts and hazardous matenals from surface and 

subsurface sods 

Data from the momtonng network known as the Radloachve Ambient Au Momtomg Program 

(RAAMP) and from three samplers mstalled specifically to momtor ambient radionuchde levels 
around OU5 were analyzed to deterinme whether e r n e  releases are slgmficant from IHSS 

1151196 Informanon collected by H&S pers~nnel dunng the implementabon of field 

invesbgahons was also reviewed ' I h s  analysis concluded that the presence of mulhple sources 
throughout the mty and the placement of the RAAMP samplers hmts the specific 

apphcablllty of RAAMP data to OU5 

Exammabon of the special OU5 sampler data mdicates that the uranium-233/234 and uranium- 

235 results are witiun the same order of magmtude for both the sampler downwind of IHSS 
1 151196 and the sampler upwmd of OU5 These prehmary data seem to indicate no 

discermble contnbutions to ambient concentrations of either ura~um-233/234 or umum-235 
from IHSS 115/196 The amencium-241, plutomum-239/240, and umum-238 average 

concentrahons for the downwnd sampler are one order of magmtude greater than the average 
concentrabons of the upwmd sampler Contnbutions to ambient mncentrabons of amencium- 
241, plutomum-239/240, or m u m - 2 3 8  by IHSS 115/196 appear possible In all cases, for 

all data, concluslons about posslble mhonuchde emmuons from IHSS 1 W196 can only be made 
after complete stahshcal analysis of vhdated data 

Results of the H&S momtonng that was done dunng the field mvesugahons of IHSS 115/196 
provide a qualltatlve mdicahon of potentld w pathway nsks attnbutable to thls source 
Elevated orgmc vapor readmgs were observed dunng mvesbgabons at two borehole bcahons 



EG&G ROCKY FLA'I'S PLANT Marmrrlr 21 1oo.wP-oUM.1 
T m  MemoFowtum No. 1s -on: 2.0, Draft Final Rev 0 
Amended Feld Sampling Plan wae: 2-21 of 244 
Volume 1 rnkctive Date: May 13, 1 9 w  
Category 1 Orgaabtbn: Enriromncntrri Remediation Mv. 

dumg d n h g  operattons 8UOdlCS near the CClltcT 

of the landfill, baa-gamma xnmmnng reguted 60,OOO cuunts per rmnute (cpm) on one 

occas~on and 1O,ooO.8O,OOO cpm on another 

Dumg field mveitlgaQm of two 

2 2  MSS 133 (ASH PITS, INCINERATOR, AND CONCRETE WASH PAD) 

sechon 2 5 of Volume 2 provrdes a dekuled d~scusnon of the methodology for and results of 

the Phase I urvcst~gatlon conducted thus far at the IHSS 133 group A summary of the 

l n f ~ o n ~ ~ m v d u n # 2 w p a a v i Q e d k l a w  Fi~22-1sbowsthelocatlansoftbese 

Msss 

2 2 1  stage1 

Stage 1 achwW!s at the 133-se.n~~ MsSs consisted of a mew of hstoncal aenal photographs 

to deteme the extent of each d~sposal area The d t s  of thu mew are discussed III &tad 

in Sect~on 2 5 1 of Volume 2 

The locat~on of IHSS 1333 as shown on Figure 2-6 of the OU5 Work Plan appears to be 

mcorrect The m e w  of d phmgmphs does not support the mstence of a trench III the 

locahon shown m the OU5 Work Pian These photosraphs lndtcated €bat IHSS 133 3 is located 

south of the locatlon shown m the OU5 Work Plan (Figure 2 2-1) Dumg the course of &IS 

lnVestlgahOn, it was also dctcmmned that the lcteat~on of IHSS 133 1, as shown on Figure 2-6 
m the OU5 Work Plan, and m the first several TMs was emmaws IHSS 133 1 was pre~oudy 

shown east of the Inmeram and north of the ash pta (Figure 2 2-1) As shown on Figure 2 2- 

1,- 133 1 u a c h l a l l y t t # ~ t r e n c h , p r e M o u s l y ~ ~ a s ~ ~ ~ g t o M s S  1333 
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Photographs recently obtamed from several aeml photograph cornparues that cover the years that 

were absent m the photographs prewously avahble con- the presence of at least two 

addihonal pits not previously idenhfied (Sechon 2 2 2 2) 

2 2 2  Stage2 

Stage 2 achwhes at the IHSS 133 sites mcluded surface rad~olog~cal and geophysical surveys, 
as were specified by the OU5 Work Plan These achvihes are discussed 111 deml in Sechon 

2 5 2 of Volume 2 and are summanzed m h s  seaon 

2 2 2 1 HPGe and FIDLER Surveys 

A radiabon survey of the IHSS 133 area was imhated m the summer of 1992 using tnpod- 

mounted, HPGe gamma-ray detector mstruments Thrs mhal survey did not cover the enure 

IHSS 133 area and was followed by a second truck-mounted HPGe survey configured to count 
achwty over a larger area and to provide full coverage for each of the IHSS 133 sites In 

addibon to the HpGe surveys, a FIDLER was used as an ad  m focusmg samphg mvesugahons 

wthm anomahes idenbfied by the HPGe surveys 

The 1992 tn@-mounted HPGe survey identlfied two ateas of anomalous umum-238 acbvity 
One of these areas also displayed an elevated umum-235 achmty The 1993 truck-mounted 

survey corroborated the anomalous achvity detected by the 1992 survey at one locahon but not 

the other Both locahons were subsequently surveyed wth a FIDLER At the locahon idenhfied 

by both HPGe surveys, an area approxlmately 35 ft wde and 76 ft long conmning surface 
contammanon was idenhfied and cordoned off as a RCA The area is located immediately to 
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The anomaly assmami wtth the 1992 tnpobmounted HPGe survey that was not idcnhfid by 
the 1993 tnrck-mounted survey was also not con- by the FIDLER survey However, the 

FIDLER survey identrficd one anomalous area rn the vimty of thts locat~on that appeared to 

be asmaakd unth a plle of amammated scrap metal 

2 2 2 2 Geophysical surveys 

Frequency-domatn EM and magnetometer geophysid surveys were conducted m MSS 133 from 
October through December 1992 In &&on, a bmedomam electronaagnetlc (TDEM) survey 

was conducted m IHSS 133 from lanuary through February 1994 Thrs TDEM survey was 

performed wth a Geomcs EM61 mstrument, a new mstnrmart that was not avadable at the tune 

the other g e o p h y d  surveys werc performed The results of these surveys are discussed m 
d e w  m Sechon 2 5 2 2 of Volume 2 

Although the frequency-domam EM and masnetomefer surveys m M  several anomahes that 

appear to be related to latown ash pits, the success of these surveys m confhmg the l m o n s  
of the known ash pits or lden~fymg unknown &sposal stes was hnuted The TDEM survey 

pits prtvlouyly idenbfiai by the mew of aenal photostaphs It also corroborated the results 
of the borehole program (Sectton 2 2 3 2) m that boreholes dnllcd mto arcas subsequently 

produced excellent results (Figure 2 2 2 2-1) Thls survey confifmed the locations of several 
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idenhfied as anomalous by the TDEM survey did encounter waste m a t e d  whtle those boreholes 
that did not encounter waste were located 111 areas where TDEM anomah were absent The 

"'DEM survey also identlfied several additlonal anomalous areas that rcqulrc further inveshgahon 
(Sectlon 3 2 2 1) 

2 2 3  Stage3 

Stage 3 aChVItIeS at the IHSS 133 sites included the cokchon of surface and subsurface sod 
samples m and around each MSS In adhbon, subsurface sod sampla were collected from 
wthm an anomaly identlfied by the magnehc survey of the area These actmtles are discussed 

in detad m Sechon 2 5 3 of Volume 2 and are summanzed m b s  sectlon 

2 2 3 1 surface soli Samphg 

The scope of work for the Stage 3 surface sod samphg program is descnbed 111 TM4 (EG&G 

19934) Two phases of surface sod samphg were proposed m TM4 The first phase of the 

proposed samphg program was to idenhfy elevated concentranons of metals and polynuclear 
aromahc hydrocarbons (PAHs), and to confirm the results of the mtd HPGe survey for 

radionuchdes m surface sods wthm the IHSS 133 area The second phase of samphg was 

proposed to assess areas of elevated radioachvlty that were idenhfied after a second radnbon 

survey of IHSS 133 was completed The surface sod samplxng program is discussed in Sectron 

2 5 3 1 of Volume 2 

A total of 20 surface soli samples were collected at 20 locabons m MSS 133 Eighteen of the 
samples were analyzed for TOC, TAL metals, PAHs, and radiological parameters The two 
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BUTLs werc exceeded m one surEIcc soil sample for m c  and one for dver  Data for samples 
collected at the two HPGe stations were not avadable ~II RFEDS as of January 28,1994 Gross 

alpha, umum-233/234, and wamurn-238 were dctcc?d m concentratmns exceedmg BUTLs m 
one, seven, and 14 surface soai samples, rcspctivdy Noneof the sutfga soll SBlgPBts 

contarneddetectabkccmcentcatmsufPAHs 

Both seep a m e n t  samples from IHSS 133 & b i d  m c  excccdmg the BUTL and antimony 
exceeded the BUTL ~II one of these samples One of the sedrment samples contamed uranrum- 

238 exceeding the BUTL The SVOC bis(24hylhexyl)phthalate was detected m one of the 

sxhment samples S&ment sampics dui not umtm dewtable conccntnmons of PAHs or 

vocs 

2 2 3 2  SdBonngs  

The OU5 Work P h  @oE, 1992) proposed p h g  bonholes on =-foot centers that transect 

each IHSS m order to deluxate the boundanes of the Ash Rts The FSP adso sbpulatCd that if 

the boundanes of MSS 133 could be deterrmned by aenal photography m w ,  rabtologd 

survey, and/or the proposed geuphyscal surveys, fewer boreholes would be neceSSary The 

anal pho- rcy~ew and geaphyacat s w y  rtsults were partially succes~ful at kheatmg 

these boundanes and were pre!mted m TM7 (EG&G, 199%) Based on the results of the acnal 
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photograph m e w  and geophysical survey results, TM7 proposed a sod-borehole program that 

included d d h g  28 boreholes and an undesignated number of shallow offset boreholes to be 

used in locatmg the Ash Pit(s) TM7 also proposed placmg a borehole in the central locabon 

of any anomalous areas detected by the HPGe survey Secbon 2 5 3 2 of Volume 2 discusses 
the dnllmg, samplmg, and results for the borehole program 

The completed sod-bonng program included the installabon of 53 boreholes Two of these 

boreholes were placed in the mound north of a hot spot that was detected dunng the HPGe 

survey (Secbon 2 2 2 2) Su. of the boreholes dnlled m h s  IHSS were ongmally intended to 

be wells as part of the groundwater mvesbgabon, however, no groundwater was encountered 

dumg d n h g  and the wells were abandoned and reclassified as boreholes (Secuon 2 2 4 1) 

Seventeen boreholes were 10- to 12-foot deep offsets The remaxning 28 boreholes were dnlled 

in the locabons specified in TM7 Sod samples were collected from all of the boreholes except 

the offsets, and four one-ume groundwater samples were collected with a Hydropunch 11 

sampling device dunng d n h g  

As detaded m Secbon 2 5 3 2 of Volume 2, the borehole program was moderately successful 

in confirrmng the presence of the ash pits As discussed m Secbon 2 2 2 2, the TDEM survey 

that was performed subsequent to the borehole program demonstrated that boreholes that did not 

encounter waste m pits idenbfied on aenal photographs were not rmslocated but possibly were 
dnlled into pits that were excavated but never used 

Sod and groundwater samples from boreholes that encountered waste matenal typically contaan 
concentrabons of metals and radionuclides that exceed background concentrabons Samples from 

boreholes that did not encounter waste generally contam background levels of most consbtuents 
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2 2 3 3 Invesbgabon of Magn&c Anomaly 

Results from the magnebc survey conducted m Stage 2 of the Phase I mvestxgabort indicated an 

anomaly on the west side of the MSS 133 arca (see Figure 2 5 3 3-1 rn Volume 2) Smce the 

dimensons of thrs anomaly were si& to the Ash Ptts, it was necessary to mvesttgate thts 
anomaly m the event that an unknown Ash ht was at thts loamon Thls anomaly was 

mvvesOgated by d n h g  three boreholes along the long axts of the anomaly The results of this 

invesbgabon arc detailed m Secbon 2 5 3 3 of Volume 2 

No ash, waste mate&, or groundwater were encQuntered m these boreholes The alluvlnl 

matenal eMIountcTcd appearad to be &tuxbed Rocky Flats Allurnurn The analysis of sod 

samples collected from these boreholes indicated one banum result, one mclcel result, and two 

plutomum-239/240 results greater than BUTLs Although exceeding the BUTL, the two 

pluton1um-239/240 results were wthm the range of conmtrahons reported for background 

Rocky Flats Allurnurn No other consbtuents were present at concentrabons excedmg 

background mcentrabons m samples from these boreholes 

The results of the dnlhng program do not mdiate the presence of an ash pit or other disposal 

umt rn h s  area ‘Ihs cmclusmn 1s further suppod  by the results of the TDEM survey whrch 

do not mhcatc the presence of any buned waste matenal in thw area. 
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2 2 4  Stage4 

Stage 4 actlvitles at the IHSS 133 sites consisted of the mstallanon and sampling of groundwater 

momtonng wells and aquifer testlng The implementauon and results of these actlvitles are 

discussed in Secnon 2 5 4 of Volume 2 and are summanzed m thls sectlon 

2 2 4 1 Groundwater Invesugahon 

Accordmg to the OU5 Work Plan (DOE, 1992), thrcc momtonng wells were to be mstalld m 
IHSS 133 as part of the OU5 Phase I RFYRI The OU5 Work Plan stlpulated that the exact 

locanon, type, and number of momtonng wells would depend on the results of the prelimmary 

Phase I invesngahons and that this informanon would be presented to EPA and CDH in a TM 
TM9 was prepared and issued to the agencies on June 18, 1993 (EG&G, 19930 This TM 
proposed four wells to be mstalld downgradient of the MSS 133 sites (see Figure 2 5 4 1-1 in 
Volume 2) The purpose of these wells was to momtor future and present contaminant levels 

downgradient of IHSS 133 and to help establish future or present contaminant migrauon 
problems 

The proposed morutonng well locations presented IJI TM9 were selected based on the results of 

the aenal photograph m e w ,  the HPGe survey, the geophysical surveys (excluding the results 

of the TDEM survey whch had not yet been performed), the borehole program, well point 

water-level data, and field reconnaissance Three cross secnons were developed from field logs 

of previously mstalld boreholes to assess potenhal groundwater flow paths Flow paths of 

parhcular mterest were those ongmatlng from, or gomg through, areas that were known to have 
contamed ash or waste matenal because of theE increased lkhhood of transportlng 
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contarmnatlon The proposed momtcmng well locahons werc placed So as to mterccpt thesc flow 

paths 

Nme ~ocahons were dnlled m the IHSS 133 sencs area m the attempt to m a  the four proposed 

monitonng wells Groundwater was encountered m only three of the m e  loeahons The well 

locahons that &d not encounter groundwater were plugged, abandoned and reclasslficd as 

boreholes Sod samples were collected from all of the wells/borehotes dumg dnllmg, and 

groundwater samples are bemg collected on a quarterly bass from the one well that has been 

PdllClng JuffiClUlt qlWlhhCS Of groundwater 

Zmc, banum, and antrmony were detected at levels greater than BUTLs m one or two sod 

samples each Plutomum-239/240 was detected at cOncentratlOllS exceedmg the BUTL m three 
sod samples taken from these wells/boreholes Analpcal results for metals indicated that the 

one well bemg sampled has metals Concentrahms m the groundwater exceedmg BUTLs 

haiyses  of unfiltered sampks from tius well have detected 12 to 18 metals at concentrahons 

exceeding BUTLs Analyses of filtered pomons of these same samples resulted in only 

mangana  concentrahons greater than the BUTL f i s  well has also contamed above- 

background ooc~‘ientr~t”1s of amenaum-241 and dium-226 

A mdhple-well aquder pumpmg test was attempted at the one well that has contarned 

groundwater m the IHSS 133 area Thrs test was unsuCCeSSfUl (see Sechon 2 5 4 1 3 of Volume 

2) and should be repeated (Section 3 2 2 2) 

As indicated by the lack of success m locahng wells that produce adequate groundwater m the 

IHSS 133 area, the hydrogeology of the area is mcompIctely u~l- andor there is httle or 

. *.. c i 
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no groundwater present m this area In either case, addibonal invesbgabon is requlred to obtam 

informahon regardmg the presence of groundwater in this area, hydrogeologic charactensucs of 

the area, and the quality of any groundwater that may be present (Secbon 3 2 2 2) 

2 2 5 Ambient Arr Monrtor~ng 

Ambient au momtonng acnwhes associated wth the site characternahon of IHSS 133 were 

simdar to those conducted for the mvesbgahon of IHSS 115 (Secbon 2 1 6) These acbviues 

are discussed 111 Secbon 2 5 5 of Volume 2 and are summanzed m h s  secuon 

The RAAMP network and the speclal samplers for OU5 are discussed in Secuon 2 4 6 1 of 

Volume 2 One OU5-specific sampler is posiboned as an u p m d  sampler for OU5 whde 

another is situated at a downwmd locahon from IHSS 133 H&S morutonng for orgaruc gases 

and radiahon as descnbed m Sechon 2 1 6 for IHSS 115 were also implemented for IHSS 133 

Personal an  samphg for asbestoscontamng matenals (ACM) was also conducted dunng those 

d n h g  operabons when suspect matenal was encountered in IHSS 133 

The samphg results of the special OU5 sampler situated downwind of IHSS 133 are similar to 

those for the IHSS 115 downwmd sampler Exarmnabon of the special OU5 sampler data 

indicates that the umum-233/234 and umum-235 results are withm the same order of 
magmtude for both the sampler downwmd of IHSS 133 and the sampler upwnd of OU5 These 

prehrmnary data seem to mdicate no discernible contnbuuons to ambient concentrahons of either 

umum-233/234 or umum-235 from IHSS 133 Th~s same analysis appears to apply also to 

plutomum-239/240 M the case of IHSS 133 The amencium-241 and uranium-238 average 

concentrabons for the downwind sampler are one order of magmtude greater than the average 
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conantratlons of the u p m d  sampler Contnbuttons to ambiat concatrattons of amcnuum- 
241 or mum-238 by MSS 133 appear possble In all cases, for all data, conclusions about 

posslble rad~onuchdc emsslons from IHSS 133 can be made only after complete stahstical 

analysls of validated data 

No elevated orgaruc vapor levels were observed dunng field mvcsttgahons of IHSS133 

Elevated beta-gamma rcadmgs exceedmg a background of <250 cpm were encountered dunng 

borehole achwhes at four locahons Levels of ACM werc reported from the personal atr 

sampler filters worn by H&S staff dumg work at ught borehole locahons The m m u m  
sample result was 0 031 fibers per cubic centtmeter Norse of the results exceeded the Amencan 

Conference of Governmental Industnal Hyg~msts (ACGM) &hour Time Wughted Average 
occupattonal expure hmt of 2 fibers per cubic centimeter The d t s  indicate that there is 

some potent~al for release of ACM dunng ground d~sturbance act~vitles m IHSS 133, such as 

addmond field mvcstqahons or remedmhon 

2 3  IHSS 142 10 AND 142 11 (C PONDS) 

SectrOn 2 6 of Volume 2 prow& a dctaded Qscusslon of the methodology for and results of 

the Phase I mvesttgatm d u c t e d  thus far at IHSS 142 10 (C-1 Pond) and 142 11 (C-2 Pond) 
A summary of the mhmahon presented m Volume 2 is pro\nded below The locattons of these 

MSSs ate shown on Fig= 1 2-1 
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2 3 1  Stage1 

The OU5 Work Plan specified that mSMg data regardmg surface-water and sediment quallty 

in Ponds C-1 and C-2 be evaluated Thrs evaluabon was to detemne the adequacy of the 

exishng data in meeMg the needs of the OU5 RFI/FU and if addiuonal sampling was requlred 

to meet the RFURI Objecfives The results of this evaluahon were used to develop a revised FSP 

for surface-water and sediment samphg acuwbes as presented m TMl (EG&G 1993b) The 

results of th~s eVdWhOn are discussed m Secuon 2 6 1 of Volume 2 and are also presented m 
d e w  m TM1 (EG&G 1993b) and EG&G (1994a) 

2 3 2  Stage3 

Stage 3 actrviues related to the investrgauon of Ponds C-1 and C-2 consisted of addiuonal 

surface-water and sediment samphng and the installauon and momtonng of well points dong 

Woman Creek and its mbumes These actrvitses are discussed m deml in Secuon 2 6 2 of 

Volume 2 and are summanzed in tfus secuon 

2 3 2 1 Surfacewater and Sediment Samplmg 

The OU5 Work Plan supulated the collecQon of surface-water and sediment samples as part of 

the Phase I mvesbgauon of Ponds C-1 and C-2 Although a TM was not explicitly called for 

in the OU5 Work Plan, it did imply that this sample collecuon program may requm 

modificauon based upon the rewew of erustmg data (Sectron 2 2 1) TM1 (EG&G 1993b) was 

prepared to prowde a remsed FSP for the Stage 3 invesugauon of these IHSSs TM1 also 

addressed surface-water and sediment monitonng acuviues for all OU5 IHSSs (Secuon 2 1 3 4) 
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The results of the surface-water and e m a t  samphg actxvitics at Ponds C-l and C-2 an 

detaded ln EG&G (1%) Samphg ac~vities conducted at the ponds conslsted of HydroLab 

surveys to develop depth profiles of surface water at both ponds and a onotime collecbon of 

sediment samples from both ponds 

General conclusions from the 1992-1993 C-pond H y h L a b  profiles are that relatwely constant 

conditions exlst wth depth d m g  the months of A@, August, October, and November It is 

further concluded that both thermal and chermcal strataficatmn of the C-ponds is very weak to 
non-mt dunng all months of the year 

Based upon the pond-sediment concentrWons, it is concluded that mtarmnants m the pond 
sediments may consist of mercury, banum, d a u m ,  and zlnc Further stahsbd tests wlll be 
undertaken to assess, based upon the avadable ltmtod databw, if these smaU number of BUTL 
exceedance concentrations actually conmtute potenhid Pond C-f and C-2 contammants, or if 

U n m t i e s  m both the actual and background data d y  make it appear that these 

concentrations can be concluded to be site wntanunants 

f 

Interacnons of surface warn and ground water along Woman Creek have been hstondy 

inferred from lnformal observations that seams of the Creek gam and lose water as the Crak 

transverses the RFP The v-n m gmmg and lomg water qwintitm is most Wl)i 

translent, that is, it vanes d m g  the year and from year to year, dependrng upon the 

streamflows and positions of the water tabie m the Woman Creek a l l u d  deposits Dehcation 

and quantification of surface-water/ground~ mteract~ons m Woman Creek and m OUS in 
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parhcular, is important for surface-water, groundwater and nsk-assessment modehg (EG&G, 

1993g) 

As part of the OU5 Phase I RFVRI mvestlgatlon a senes of shallow well pomts were installed 
dong Woman Creek and its mbutanes to monitor water levels The informahon obmned from 

this program is used in conjunctlon with gam/loss flow measurements being taken in the Woman 

Creek as part of a different program Tturty-six well pomts were mstalled along Woman Creek 

as outlmed m TM1 (EG&G, 1993b) The well points were located to coincide with Woman 

Creek channel gaudloss sites used to measure streamflows m Woman Creek by Colorado State 

Uruversity (CSU) and EG&G Water levels were measured 111 these well po111ts on a monthly 

basis for one year to confirm if gaming and losing reaches of Woman Creek were based upon 

the head difference in the shallow alluvial groundwater and the water-surface elevahons in 

Woman Creek adjacent to the well pomt The results of the well point and gadloss 

measurements are discussed in detad m Secuon 2 6 2 2 of Volume 2 

Based upon data collected dunng the December 1991 through October 1992 penod (Fedors and 

Warner, 1993) and dunng the March 1993 through February 1994 penod, the individual reaches 
of Woman Creek can be charactenzed as generally gaming or losmg water dunng cemn penods 

of the year Two reaches of Woman Creek and its tnbutanes can be idenhfied as generally 

g m n g  water from the shallow groundwater system on nearly a year-round basis Of note is 

the fact that one gaming reach is adjacent to IHSS 115, the Ongmal Landfill, and one reach is 
downgradient from the old fhmg range These gammg reaches may be significant receptors of 

contarmnants from known sources w1th1.11 the Ongmal Landfill and OU2, respectwely 
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2 3 3  Stage4 

Stage 4 actlvlttts at IHSSs 142 10 and 142 11 consisted of the mstallatm and sampling of 

groundwater Illollltonng wells Sectxm 2 6 4 of Volume 2 ~ISCUSSCS the results of these 
achwt~es, and they are summanzed m h s  sccbon 

2 3 3 1 Groundwater Investlgatxon 

Accordtng to the OU5 Work P h  (DOE, 1992), four momtcmng wdls wcic to be llwtpubd 

below MSSs 142 10 and 142 11 as part of the OUS phase I RFI/RI Two wells were mstalled 

immedmtdy downgradmt of each dam at Ponds C-1 and C-2 to momtor the saturated alluwum 

All of these wells were mstalled m the locatmns spcc~fied m the OU5 Work Plan Soil samples 

were collected from these wells dunng dnhng and the wells below Pond C-1 have been sampled 

on a quarterly b a s  when sufficient groundwater is present The wells MOW Pond C-2 have 

not produced sufficmt water for samplmg One well, located below Pond C-I, was also 

selected for field characmon of aquifer parameters 

None of the sod samples collected from the wells contamed TAL metal conccntratmns exceedurg 

BUTLs One sod sample each from two wells contamed above-- actIvitIes of 
plutoIllum-239/240 and one sample oontsuncd an above-background achmty of amencium-241 

Both radionuchdcs were detected m composite samples from drums of cuthngs that represented 

the upper 15 ft of each well None of the sod samples colla2ed from the wells conmed 

peshades or PCBs m concentrattons exaedmg BUTLs No ldentlfid SVOCs were detected m 
sod samples collected from any of the wells, however, tentat~vely idenhfied compounds (TICS) 

were detected m sod samples from all four of the groundwater momtonng well boreholes 
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VOCs (acetone, methylene chlonde, and toluene) were detected in soil samples collected from 
all four momtonng well boreholes 

Three groundwater samples collected from the wells below Ponds C-1 and C-2 had metal 

concentrahons exceedmg BUTLs Most of the results that exceeded BUTLs were for unfiltered 

samples All of these samples were collected from the wells below Pond C-1 Samples from 

these same wells have also had radium-226 (total) and gross beta (dissolved) acuvihes that 

exceeded BUTLs and detechble SVOCs Samples from the wells have also contiuned 

concentrahons of chlonde and total suspended sohds that exceeded BUTLs None of the 

groundwater samples collected from these wells contaured pesttcldes, PCBs or VOCs 

A mulhple-well aquifer pumpmg test was successfully completed on one of the wells located 
below Pond C-1 

2 4  IHSS 209 AND OTHER SURFACE DISTURBANCES 

Sechon 2 7 of Volume 2 provides a detaded discussion of the methodology for and results of 
the Phase I inveshgahon conducted thus far at IHSS 209, the Surface Disturbance West of IHSS 
209, and the Surface Disturbance South of the Ash PI& The Iocahons of these IHSSs are shown 

on Figures 2 4-1 and 2 4-2 A summary of the mformauon presented m Volume 2 is prowded 

below 
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2 4 1  S-1 

In accordance wth the OU5 Work Plan, a m e w  of aenat photographs and obhque photographs 

covenng MSS 209 and the two other surfixe disftlzbanGe areas was completed on September 23, 

1992 These photographs wcrc mewed to assess the location and history of the surface 

disturbances The resuits of the anal photograph m e w  are discussed in sechon 2 7 1 of 

Volume 2 and are summanzed below 

IHSS 209 conslsts of cfisturbed gruund, as shown on Fqurc 2 4-1, that extends from the 

southwest to the northeast for a &stance of appraxtmately 1,200 A Two ponds or seeps are also 

present wthm thrs area The aenal photographs mdicate that the vcgetatlon and upper sedimmts 

had been stnpped from the area pnor to 1955 and that pnor to 1964 several pits had been 

opened wittun the ate The rewew of the photographs subsequently resulted m an extension of 

the overall length of the IHSS as compared to the dimensions shown on Figure 2-7 of the OU5 

Work Plan, and some adjustments to the locatlons of &e pits that were shown on Figure 2-7 of 

the OU5 Work Plan 

The Surface Dmurbance West of MSS 209 conslsts of aght plts that are fmt visible on a 1955 

verhcal a d  photograph of the RFP ana (Figure 2 4-1) The Stage 1 aenal photo review 

resulted m relocamg the pits approxumely 250 ft to the north wth respect to the locations 
shown on Figure 2-7 of the OU5 Work Plan Three addbond pits were identlfied as a result 

of Stage 1 acbwhes and confirmed durmg the Stage 2 field recorumssance (Secbon 2 4 2 1) 

The Surface hsturbance South of the Ash Rts is shown on Figure 2 4-2 and consists of an area 

of &sturbed ground, and an area that contams two open and two rechmed pits The area 
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conwing the disturbed ground compnses the southwest end of the site and is approximately 

1,OOO ft 111 length, and from 50 to 150 ft in width The open and reclamed pits are located 111 

the northeast half of the site The 1ocahOnS of the pits shown on Figure 2 4-2 have been 

corrected as a result of Stage 1 achvihes, accordrng to scaled locahons from the aenal 
photographs, and do not agree wth the locahons shown on Figure 2-6 of the OU5 Work Plan 

2 4 2  Stage2 

Stage 2 achwhes at IHSS 209 and the other surface disturbances consisted of a visual inspection 

of each site to confirm the informahon obmned 111 Stage 1 and to determine if any debns or 
stamng mdicahve of waste disposal are present Stage 2 also mvolved the performance of 
surface radiological surveys over each site The results of these achwhes are discussed in deal  

in SecQon 2 7 2 of Volume 2 and summanzed in this sechon 

2 4 2 1 Visual hspechon 

A visual mspecuodsite re!connasmce of IHSS 209 and the other surface disturbances was 
conducted on September 24, 1992 The following paragraphs summanze the results of this 

inspechon for each site 

IHSS 209 As a result of Stage 2 reconnassance, the pond southwest of the road near the center 
of the site was found to be at least 10 ft in depth and dry The pits shown throughout the area 
are small, shallow excavahons that are shll open or parhally backfilled There is no evidence 

that these pits were ever used for the disposal of waste matenals The Stage 2 field 

reconnassance confirmed the overall reconfigurahon of the site, resulhng from Stage 1 
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aChWQes, and that no slgruficant debns or stavung exlst to rndrcnte that any waste d~sp~sal had 

occurred It appears that the l a r g e s t d t s ~ c e o n  the northeast end ofthearea my have been 

used as a source of gravel pnor to 1955 

West of The S?itgc 2 field ~ s s a n c e  confirmed the 

locations of all aght pts idenhficd on the aenal phatosraphs 'Ihe pt i s  located near the 

center of the sltc and was found to be several feet deep The west pit was dry at the Qme o f  

the inspechon but holds water dunng p o d s  of wet weather or snow melt, and is now the host 

for a h r l y  large cottonwood tree mdmmg that the sght has been open fbr a long p o d  of 

Qme The remawig pits are small and shailow, appeat tu be capable of h*g water dunag 

wet weather, and are heady revegetated There is no mdd~cation that any of these pits hisd ever 

been used as d~sposal sites It is unclear what use the pts may have SeNCd The OU5 Work 

Plan speculated that thcse pits may have been part of a planned radro-tower mstaUahon The 
reconfigwanon of these pits and the fact that the pits are located on a hlllslde rather than the top 

of the hill indmte that th~s may not be the case 

Surface D- of The field reco-e of the Surface Disturbance 

South of the Ash hts c o w  the mstence ofthe features noted m the OUf Work Plan and 

idenhfid on the aenal photographs The disturbed area located m the southwest half of the SI& 

conslsts of cobble and small boulder sm rocks of the Rocky Flats Alluvrum, and appear to have 

been disturbed by some unknown surface actmty There is, however, no stiunmg or debns 

associated with the slte that would lndicate my waste disposal had o c c u ~ z l e d  
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2 4 2 2 FIDLER Surveys 

Secclon 7 2 4 of the OU5 Work Plan specified that IHSS 209 and the other surface disturbances 

be surveyed wth a FIDLER The results of this survey were to be used to modify, if necessary, 

the Stage 3 samphg actlwhes at these sites The surface radiological survey specified by the 

OU5 Work Plan was to be performed randomly at each of the surface disturbance sites 

However, to ensure that the survey of each site was thorough, the surveys were performed on 
a gnd as described in Secoon 2 7 2 2 of Volume 2 The pondseep area located northeast of 

MSS 209 was surveyed randomly 

The FIDLER surveys of IHSS 209 and the other surface disturbances did not idenhfy any areas 

of above-background radiabon The random survey of the pond/seep area on the northeast side 

of IHSS 209 also did not indicate any above-background levels of radiatlon The results of these 

surveys, therefore, did not necessitate any modificatlons to the Stage 3 sampling actlvitles 

discussed in the following sechons 

2 4 3  Stage3 

Stage 3 achwhes at IHSS 209 and the other surface disturbances consisted of the colktl0n of 
surface and subsurface sods Samples of surface water and sediments m the water-fded pits at 

IHSS 209 were also collected under Stage 3 These actlvitles are discussed in Secbon 2 7 3 of 

Volume 2 and summanzed in this sectlon 
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2 4 3 1 Surface-Water and Sediment Samplmg 

The OU5 Work Plan spectfied the collectton of samples of surface water, if present, and 

sedrments from the pond-& depressions at IHSS 209 TWO Surface-water Samples were 

collected from these 1-m No concentratms excccdmg BUTLs were noted for 
radronucirdcs, metals, or pnonty pollutants (orgaruc const l~ ts )   nth t h e  resultant 

analyses "Wment" s m p h  were collected from these depressloRs when no water was present 
m them dunng the surface sod samphg program drscussai rn section 2 4 3 2 

2 4 3 2 surfgce Sod Smpllng 

The surface soll Sampling program for IHSS 209 and the other surface dtsturbawes is described 
in the OU5 Work Plan and rn TMlO (EG&G 1993h) 'I'M10 proposed that 19 surface sod 

samples be collected at three sites The sample locations are unncident with pits, former 
excavahon sltes or ponds that were ident~fied d a g  the Stage 1 mew of aenal photographs 

TMlO also proposed that surface sod samples be coliected at md~olog~d survey anomalies As 

discussed m Sectton 2 4 2 2, no anomaltes were identtfied by the FOWLER survey of these sites 
Secbon 2 7 3 2 of Volume 2 ducusses the surfhce sod samphg program 111 dew 

None of the samples contatned metals, pes~adcs, or PCBs 111 conccntrabons that exceeded 

background levels hght of the 19 surface sod samples contaraed plutomum-239/240 act~wt~es 

exceedmg the BUTL, and four of the aght samples also contatncd amenam-241 actmhes 

greater than the BUTL The samples wth above-background a c t ~ b e s  of radionuclides were 

collected from all three of the surface disturbance stes The plutoruum-239/240 aChWty 

(appm~mately 5 picocunes per gram @CJg)) of one sample collected at the Surface 

is 
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Disturbance West of IHSS 209 was the hghest detected 111 surface sod samples from any of the 

OUS IHSSs Seven surfhe sod samples also contamed detectable concentrations of SVOCs 

2 4 3 3 Sod Bonngs 

As part of the mvesngatlon for IHSS 209 and the other surface disturbances, the OU5 Work 
Plan proposed d n h g  19 boreholes to a depth of 12 fi Three boreholes were to be located m 
IHSS 209, five boreholes were to be located m the Surface Disturbance West of IHSS 209, and 

11 boreholes were to be located in the Surface Disturbance South of the Ash Pits TMlO was 

prepared after prehminary invesngations were completed at these locahons Based on 

information obaned dunng prewous stages of the investigation, T M l O  proposed dnlling only 

four boreholes, one at the Surface Disturbance West of IHSS 209 and three at the Surface 
Disturbance South of the Ash Pits Sectlon 2 7 3 3 of Volume 2 discusses the rauonale for 

reducing the number of boreholes as well as the results of the borehole program 

Soil samples were collected from each of the boreholes, and, if groundwater was present, a one- 
time groundwater sample was to be collected None of the boreholes dnlled at the surface 

disturbances encountered groundwater The analyses of the soil samples idenbfied one sample 

in whch the concentration of chromum exceeded the BUTL No other metals concentrahons 

exceeded theu respemve BUTLs One sample conwed a plutomum-239/240 actiwty greater 

than the BUTL No other radionuchdes were detected exceedmg BUTLs in the samples 

collected from these boreholes Pesticides and PCBs were not detected 111 any of the samples 

collected Benzoic acid, a SVOC, was detected in at least one sample from each of the 

boreholes Methylene chlonde was also detected 111 several samples 
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With the exccptlon of the muits for surfact sods at these sites, the d t ~  d the ~ V ~ S W ~ M B U  

conducted at MSS 209 and the other surface Qsturbances do not mdxatc that these stes were 

ever used for the disposal of waste The elevated levels of radionuckles, s p e c l f i d y  

pluto~um-239/240 and menaum-241, m surface sod samples do wiicatc that further 

investtgauon of potentlai surface contarmnatlon is warranted (sectron 3 4 2 1) 
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3 0  AMENDED PHASE I FIELD SAMPLING PLAN 

This SeChOn provides an amended Phase I FSP for several OU5 IHSSs Each of the followmg 

subsecbons descnbe the data needs idenhfied through the evduahon of the mformahon 

summanzed m sechon 2 0 of ttus TM and then o u h e  an amended FSP for each IHSS 

3 1 IHSS 115 (ORIGINAL LANDFILL) AND IHSS 196 (FILTER BACKWASH POND) 

Based upon analyses of data collected at IHSS 115, a program of addibonal sampling and 

analvses has been formulated The d e d s  of this addihonal work, as well as the rabonale for 

it, are presented m the followmg subsecbons 

3 1 1  DataNeeds 

Intnnsic Air Permeab llitv Test E v w h o n  As presented in Sechon 2 1 2 2, a small-scale 

intrinsic au permeablllty study resulted m calculated permeabhhes that were orders of 
magmtude greater than expected for clayey sods ' lhs  difference needs to be invesbgated 

Geotec- E Val- If leavlng waste m-place is considered an ophon for final disposihon 

for the Ongrnal LandN1, the long-term stabhty, m terms of catastrophic or demmental 
movements, needs to be addressed and the following data need to be obtsuned 
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surface ami subsurfkc geometry of Onpal Landfill, 

surface and subsurface geometry of the emmg slump, both pnor to and subsequent 
to movement, and 

g-d -te~s of sods and waste, mcludmg shear strength 

There are numerous exmng bareholes m and near- IHSS 115 that wdl be used to obtam some 
of these data However, there use wdl be hmted because they were urstalled for the collcchon 
of enwonmental data not s p e a f i d y  for the collactlon of geotdmcal data 

Gro- hv- Given that many proposed mom- w d l  locations dnlled dunng 

OU5 Phase I RFyRl actlatles were not urstalled because the boreholes did not Urdicatc or 
produce groundwater, the prcsence of groundwater and potemtlal groundwater migrauon 

pathways downgMent of the On@ Landm need to be further charactenzed This 

inf0rInahOn IS requved for both the nature and extent evaluatron and €he groundwater modehg 

Addittonally, groundwater levels need to be monttored at MSS 115 m order to promde the 

necessary mput for the hydrogeolwc model 

Air M o w  TM12, which evaluated the potentlal expm scenarios associated with OW, 
concluded that re-suspension of contammated stlcfacc sdrls from IHSS 115 by wnd is an 

msrgmficant potenmil exposure pathway (EG&G, 1993i) insigxuhnt pU?nW exposun 

pathways wll be quantltatlvely evaluated 

The potential for re-suspension of contamrnatcd soll has not beem dmctly addressed m the 
mvesbgatlon of IHSS 115 To makc thu evaluahon, a selcct~on of a corrected threshold hctlon 

velocity of the sod xs ntccssary The threshold fnctlon vekty is the m m u m  w d  speed 

43 
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requved to cause surface partxle movement 

corrected threshold fncuon velocity data for IHSS 115 are outhed in Sechon 3 1 2 4 

Phased mvesbgahon procedures to acquve 

TM12 (Exposure Scenanos) concluded that inhalaoon of chemicals that have volablized from 
site sods or groundwater are neghgible exposure pathways (EG&G, 199%) As of March 25, 

1994, TM12 was not I i n M  In the event that exposures to volatdued chemcals from IHSS 

1 15 are detemed to be exposure pathways of some sigmficance, then addibonal field work wll 

be requved to mveshgate the enussion rates of volatde species from the Onginal Landfill A 

field techxuque for measunng the ermsslon rates of volahle species is descnM M Semon 
3 1 2 4  

3 1 2 Field Samphg Plan 

This sechon dews the amended FSP for IHSS 115, includmg IHSS 196 

SummatlzeS the amended FSP 
Table 3 1 2-1 

3 1 2 1 Intnnsc An Permeabhty Test Evaluabon 

As presented rn Secbon 2 1 2 2, a small-scale intnnsic a r  permeabdity study resulted in 
calculated permeabhhes that were orders of magmtude greater than expected for clayey sods 
Two possible explanahons for h s  discrepancy are that the soils at the test sites are not clayey 

or that short circuitmg of the vapor flow path occurred dunng the test Because the test was 

conducted m the same manner as the sod gas survey, it is possible that short CvcuiMg occurred 

dumg the survey, and that the observed sod gas concentranons are lower than those actually 
occumng m the subsurface formauon 
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To assess the hkcihood of each expianatlon, recoded survey vacuum pressures unll be 

rewewed, along w t h  the boreboie logs for nearby arcas. In those locat3cms where vacuum 

readmgs are not greater than background and the soll -logy IS known to be of low 

permcablllty, short m ~ t i n g  m y  have occurred Laboratary data for sods m those areas unll 

also be rewewed for correlation If those areas at whsh low vacuum readmgs occurred were 

not covered by other analyses, such as for sod or groundwater, re-sarnplmg at very low vacuum 

pressures wdl be conducted Procedures and analyses wdl be conducted m accoTdance wth  
TM5 The samples wdl be analyzed for 1, 1,l-TCA, benzene, arbon tctrachlonde, DCM, TCE, 
and PCE 

3 1 2 2 Geotechcal Evaluat~on 

The stablllty of the slopes along IHSS 115 wdl be analyzed umg a method of slices analysis 

Key inputs to th~s type of analyss are the geometry of the slopes, subsurface matenals, and 

strength charactenstcs of the subsurhx matenajs (waste, alluwum, and bedrock) A p r e f d  

method of charactenzlng the strength patameters of the subswfacc materials is to back calculate 

them from an exutmg f a h e  The slump that exrsts below the former dratnage &tch and above 

the SID appears to provide the r e q d  mformatacm to preform these d c u h o n s  In order to 

obtatn thls lnfarmatlon and the m f o m o n  nemsary for calculatmg long-term stabhty, the 
followmg work elements or tasks have been identified 

&tarn mformahon regardmg the ocaumce of the slump, mcludmg but not lirmted 
to, date of fatlure, speed of fatlure, and general chmc condibons, 
&tam s u r f . .  geometry before and after the slump occurred, 

i l  
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obtam subsurface geometry, and 
characterize geotechcal properttes of subsurface mateds 

Informahon obtaured from implementahon of these four tasks will be combmed mto a fifth task 

which is the stabhty analyses Thls task wll mclude both back calculahng strength parameters 
for the exlsmg slump and usmg those values m dcdahng hg-tenn stab~hty for exlsmg 

slopes 

It is h y p o t h d  that the hgh clay content of the alluwurn may result m such low hydaultc 

conducawhes that groundwater is prevented from flowmg mto a borehole even though the 

interval may actually be saturated These clay mtervds appear to be ody moist dunng Wel l  site 
loggmg though they may actually be saturated Sod moisture data obtarned dunng the 

geotechcal evduahon wdl be used to evaluate the degree of ~turahon of the subsurface 
matenals Agam, h s  mformaaon is also important as input u1 the hydrogeologic model of OU5 

and wlll supplement the mfonnaaon collected under the groundwater mveshgahon (Sechon 

3 1 2 3 )  

The fust task mvolves seardung through EG&G and DOE files for documentaQon of the slump 

rather than typlcat envvonmental issues as researched before It includes collechon and rewew 

of a e d  photographs to charactenze the dimensrons of the slump Large scale stem pam may 

provide the mformaaon requued for charactennng the slump 

The second task consists of mewmg topographc maps pnor to the slump If a topographc 

map of an appropnate scale and contour mterval(2-foot) cannot be located, large scale stereo 

pan a e d  photographs may be used to esamate pre-slump topography 
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For the thud task, the subsurhce geometry shall be abtaurcd from boareiroles Locations of 

emhng boreholes do not provrde adequate a m l  &stributm to chzmctem the subsurfke 

geometry Thutea! boreholes shall be advanced 5-ft lnto claystme baccrock as spec~ficd m SOP 

Bortholes and sod samples wdl be 1- m accordance wth SOP GT 1, Loggmg AlluMal and 

Bedrack Mwnal All locattorrs wdl be surveyed m accdarm wth SOP GT 17, Land 

GT 2, D&g and Samphg U-g Hollow Stem AUgw T~C-UGS (FIgrUe 3 1 2  2-1) 

surveylng (0 1 foot accuracy) 

Up to five of the 13 boreholes may rcquue the use of a hollow-stcm auger (HSA) ng rather than 
a small f v t  ng uslng the Kansas sampler 'flus IS due to theestmatd depth to bedrock 
to be on the order of 35 ft and the need for larger dramaer samples Also, the selsotlon of a 
dnll ng WIU be based upon the terratn and theabd~ty of a f u l l - d  dnll ng to reach the 

proposed dnll sltes A larger drill ng vvlll provide the followmg advantages 

i t  wdl be able to ob- 2 5-mch dlarncter samples for either dmct shear or tnaxlal 
compression B M g ,  and 

it wdl prov~de blow counts when samphg which can be usc 111 the stabhty analyses 

Boreholes not advanced wth a NSA ng wdl be advancui wrth a Snran all-terraur-veh1c1e ng 
capable of dnvmg a Kansas sampler to the requucd depths Info- &tamed from the 

boreholes wdl p m d e  mput for both the stabd~ty analysw and the groundwater modchg 

D-th-to-bedrock data unll be used to ~CVISC the bedrock topography Of OU5 

Core samples from both types of boreholes wdl be retamed m com boxes Samples from the 

boreholes wdl not be submtted for c h d  analyses However, for HSA boreholes, compcmte 

samples from the drums wdl be submtted If field screcmng ind~cam eltvated readmgs m the 
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small diameter boreholes, a second (or t ~ ~ ~ e d )  borehole wdl be advanced a few feet away 
The core from the m e d  borehole wdl be collected for chemd analyses If field s c m g  

does not idenbfy any anomalous readmgs m any of the boreholes, two small boreholes wdl be 

arbitranly selected to be ~ ~ e d  and have samples collected for analyses "his wll be done 
as a check on the effectweness of field screemg The procedures for sample collecbon and 

analytes wdl be the same as specified m the OU5 Work Plan for boreholes withm IHSS 115 

These procedures and analytlcal parameters are summanzed on Table 3 1 2-1 

Field q d t y  control (QC) samples wdl be collected for both sod and groundwater samples 

Duphcate samples wll be collected wth the frequency of one duphcate sample per 10 real 
samples -sate samples wdl be collected unth the frequency of one  ate sample per 20 real 
samples or a -mum of one  ate sample per day of samphg 

As part of the groundwater mvestlganon, two locanons (west end of Ongrnal Landfill north of 

well pomt 60493) wdl have piezometers constructed of 1/2-mch diameter PVC installed (Figure 

3 1 2 2-1) These piezometers wdl provlde water level data for the hydrogeologic model The 

piezometers wdl be mstalled m accordance unth SOP GT 6, Monttonng Wells and Plezometer 

Installabon, and developed m accordance unth SOP GW 2, Well Development They wdl be 

surveyed rn accordance with SOP GT 17 Land Surveymg (top of mer casmg and pmtecbve 

casmg measured to 0 01 foot accuracy vemcally) 

Sod samples wdl be collected as part of the fourth task m relaQon to stabdity analysis Soil 

samples wll be collected m 6-inch hers from the lower &inches of each samphg run in the 

HSA boreholes Sod samples wdl be collected from every thud sampler (apprommately every 
5 to 6 ft) through the enare depth of the boreholes One sod sample from each of the five 
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boreholes urlll be selected from the lower 2-ft of ailmum rabove the badrock and analyzed for 

natural denslty (dry and moist), natural moisture content, Atterberg hrmts, and gratn-sue 
distnbutmn (+200 fractton) Samples drat am nd SJeCted for d y m  wd.l retaured UI the 

core boxcs 

A -mum of three (one of each matenaf type - waste, alluvium, and bedrock) sod samples wrll 

be collected whch con- of three 2 5-mch dmncmr, 6-& long hers from each HSA 

borehole SIX of these (two of each material type - waste, alfuvtum, and bedrock) wlll be 

selected for analyas of natural dcrwtty (mst and dry), natufti mastwe content, Atterbg 

hmts, gratn-sm dwblbutton, and, ather, undrprned tnaxral CompreSslBII tests 

(vv test) or dmct shear tests If a sunpie wxth a length to dtpwetes ratlo of 2 1 can be 
obmned, a W test wdl be candud  If however that mho cannot be attamed (le the matenal 
is non-coheswe), a dmxt shear test will be conducted on a sample remolded to appro~matcly 

natural moist denslty Samples that are not selected for analysas will be retamed in the core 
boxes 

In addmon to the ten samples hsted m the premous par;rgraplw, sod samples wdl be obtatned 

from the small dmmctcr boreholes advanced unth the Kansas sampler S d  samples Wrll be 
collected from every thud sampler (am#rorumately every 5 to 6 fi) throughout the entue depth 

of the boreholes These samples wdl be analyzed for IIKM&UC content One sod sample from 
each of these boreholes wdl be sele!ctcd and analyzed for AUerberg hmfs and gram-- 

distnbutlon ( + 2 0  framon) These samples should be of matcnal unthm the lower 2-ft of the 

alluvlum above the bedrock 

63 
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The fifth task consists of both back calculaMg strength parameters of the subsurface materials 

and calculatmg the long-term stabllrty at the Ongmal Landfill rn its current configurahon The 

stabihty wll be analyzed using a method of shces analysis 

3 1 2 3 Groundwater InvesQgahon 

In order to more completely evaluate the presence and quallty of groundwater at and 

downgradient of the Ongmal Landfill, adhuonal groundwater samples need to be collected and 

analyzed Srnce the presence and QUanhty of groundwater appears to be hmted, th~s task shall 

consist of three work elements 

1) 

2) 

mstall and develop 5 well points (Figure 3 1 2 2-1), 

measure water levels m all well points, mm-wells, piezometers, and momtomg 
wells that are along or north of Woman Creek, south of the south Buffer-Zone 
access road, east of the western edge of IHSS 115 (approxlmately CPT07393), 
and west of the eastern edge of IHSS 115 (approxlmately CPT05393) on a 
monthly basis for one year, and 

obmn a one-tlme sample from any well pomt that is downgradient of the landfill 
(exlstmg or new well pornts) if water level measurements rndicate presence of a 
suffiaent quantlty of water 

3) 

Of the five well pomts to be mstalled, four shall be mstalld downgdent of IHSS 115 and one 

shall be mstalled on the upper level part of the eastern end of IHSS 115 in the vicimty of 
borehole 50792 This latter locatlon wdl be used for only water level input for the 

hydrogeologic model and not samplmg These well pomts wdl be mstalled using a small all- 

t e r n  vehcle ng which does not produce sod cumngs No sod samples will be collected 

dumg d d h g  

6Y 
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Water levels wdl be measured III all the morutomg wells, w d  pour& and pi- located 
along or north of Woman Creek, south of West Road, east of the westem Buffer-Zone boundary 

road, and wedlt of Fm Street '"Ius mcludes the @ezumctei's along Woman Creek as discussed 

m a subsequent patagraph Water level mcastuements wdl amtmue monthly for a year Th~s 

will characterize the magmtude of seasod fluctua&ons and p m d e  the hydrogeologic model 

an average level 

one-hmt! groundmrcr sampks shall be obbvned from any well pomt that 1s downgradient of the 
landfill (exwttng ot  ne^ w d  pomts) d w a t ~  levd -ts mdxate p- of a 
suffiarnt qmmy of water ~ r o ~ n d ~ a t ~ r  simples will be collected m the pnonty hsted OR 

Table 3 1 2 3-1 Infibnnatlon from these work elements wdl be used for the cvaluahon of nature 

and extent, as well as mput for the hydrogeologic model 

Field QC samples wdl be collecttd for both sod and groundwater samples Duphcate samples 

wdl be collected wth the frequency of one dupheate sample per 10 real samples Rmsate 

samples wdl be collected wth the frequency of one msab sample per 20 real samples or a 
mmmum of one nnsate sample per day of samphg Because groundwater samplmg equipment 

is dedicated, the mstnrment probes to measure field parameteft wdl be msed to &tam the 

groundwater llllsate samples 

To further characterize the bedrock surfixe and th~ckness of the alluvium and valley fill along 

Woman Creek, three kmholcs WIU be adyancd 5-ft mto claystone bedrock and be located as 

close to the crcck bed as posslble (Figure 3 1 2 2-1) These boreholes wdl be advanced as 

specified III SOP GT 2, Dnlhng and Samphg Umg Hollow Stem Auger Techniques Soil 

samples (core) wdl be collected conmuously wth a Kansas sampler Core WIU be retatneed in 
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core boxes Boreholes and samples wll be logged m acc~rdance wth SOP GT 1, hggmg 

Alluvnl and Bedrock Matenal plezometers wdl be mstalled m each borehole m accofdance 

wth SOP GT 6, Monitoring Wells and Piezometer Installauon, and developed m accordance 

with SOP GW 2, Well Development plezometers wdl be surveyed m accordance w~th SOP 
GT 17 Land Surveymg (tap of mer casmg and protectwe casmg measured to 0 01 foot accuracy 
v e r h d y )  Smce these locattons are outstde the IHSS boundancs, core w d  only be screened 

by field mstruments 

A smgle-well aqder test vvlll be performed at well 59593 As mdicatcd m Secuon 2 1 4 3, 

analysis of the data collected dunng the slug test pcrformed dunng 1993 at this locabon indicated 

that the data was not rehable enough to make confident judgements w~th regard to hydrogeologic 

charactenstxs m the nanity of tlus well 

Radioactl ve A-nt An Monitom Ambient au  monitonng by the 

existmg RAAMP network wdl conmue for the entve faclllty Modificauons to the RAAMP 

network are planned (EG&G, 19931) Several changes relate to OU5 as well as to broader areas 

of the fachty A new on-site RAAMP sampler is planned for mstallauon dunng the summer 
1994 in the lower Woman Creek dramage below Pond C-2 Also, a new penmeter RAAMP 
sampler will be added m 1994 at the loahon of the closest residence at the southeast comer of 
the RFP buffer zone In 1995, RAAMP samplers S-13 and S-14 wll be removed from the 

network 

fR&iMP) 
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OUS An Plans are to contllluc apeatlon of thc OU5 ambient 

a x  samplers (S-100, S-101, and S-102) as regular c~mponcnts of the RAAMP As discwsed 

in Sechon 2 1 6, future sample analyses and data vahdaQon results wdl be evaluated for posslble 

mdicabons of any speafic contnbutlon of MSS 115 to ambient levels of mhonuchdes 

wind The mvestqgat~on of the wmd erosion potential of contarnmated 
sods from MSS 115 is proposed as a phased approach The first phase mvolves a hrmted field 

mveshgahon of the ate and comparisons of these results wth those of a more mtenslve study 

that was perfarmed at OU3 If the phase results arc mamelwvc, then a second phase w 

recommended The second phase would be the rcphcatm at OUS of the mtenslve field studies 

that were conducted at OU3, lscussed below 

The first phase of the IHSS 115 mvestrgatmn kgms  wth rapid assessment field inveshgabon 

amrdmg to the methodology descnbd by Cowherd et al (1985) The field lnVeShgahOn 

consists of observations about the extent of vegetat~on, presence of sod crustal matenal, 

characttnzatlon of th't mst,  sod sewng, and an analysls for cmcctmg for non-ercxhble 

elements The result of the field survey wdl be the determmahon of the threshold fnChOn 

velocity of the con- surfitce sorl at MSS 115 The threshold fnmon velocity is the 

mmmum wmd speed reqlured to cause surfaoc parhcle movement 

Results of the -id assessment field mveshgatton of MSS 115 wdl be compared wth the results 
of the dvect measurement of threshold fnchon velmtles of sods at OU3 (EG&G, 1994b) 
These duect measurements wem made xn srtu wth a portable m d  tunnel As well as rneasumg 

the sod fnchon velaaha of the sods, the OU3 study calculated the enusston ram of suspendai 

particulate matter and lnhalable particulate matter (PM,,,) and the PMto eroson potenhal of the 
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sods If the OU5 rapid assessment field mveshgahon results compare wthm the same order of 
magmtude of the OU3 wmd tunnel study results, then the IHSS 115 inveshgahon wdl be 
considered complete at this first phase 

The second phase of field study, to determine the wind erosion potenhd of contaminated sods, 

is advised only if the rapid assessment procedures of the first phase are unable to provide 
rehable threshold fncaon velocitm and pamulate matter ermssion rates The second phase 

would consist of a rephcahon of the OU3 wnd tunnel studies to dlrectly measure threshold 

fnchon velocihes at OU5 and would be documented m a letter proadcd to EPA and CDH for 
approval pnor to implementation The technology is described m dead both m the OU3 wind 

tunnel study (EG&G, 1994b) and an EPA Superfund guidance document @PA, 1989) 

The Cowherd wind tunnel (Figure 3 1 2 4-1) IS a portable wmd tunnel developed to measure 
pmculate matter ermssions from open waste pdes The open-floored test secuon of the tunnel 

is placed d m t l y  over the test surface Air is drawn through the tunnel at controlled velocihes 

to simulate wmd conditlons The exlt an passes through a duct fitted with a probe to 
isokmetxally sample the au stream by a high-volume samplmg tram The sampling mn 
consists of a trapper probe, cyclone precollector, parallel-slot caScade impactor, backup filter, 
and high-volume motor A blower located downstream of the samphg mn provides ur flow 

The emission flux is calculated from the isolated surface area, emssion concentrahon, simulated 
wind speed, and bme penod dunng whch parhculates are collected Because the emission 

concentrahon is collected over hme, the technology measures the overall @me-integrated) 
emission rate rather than the emission flux Varymg the simulated wind speed between 

measurements allows for development of a weighted average emission rate This is preferred 
I 

i 
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to usmg an averagewmd speed because the total -on may begreatly m f l d  by mfreqwnt 
periods of hgh m d  speed 

The loss of crod~ble matcnal is calculated as 

where E, = ermsslon rate o f  component i (g/m?, 
C, = average pamculate concxntrahon of component x in tunnel exit stream (g/m3), 
Q = t u r d  flow rate (m3/s), 
t = dumtlon of Smphg tune (s), and 
A ==P=d--(d) 

Ehmmabon of the bme factor m the dculatlon wdl p m d e  an ermssion flux on a unit area per 
bme basis (g/m2-s) The average pamculate concentration (CJ may be reduced to account for 

background dust levels by samphng under light wnd Condttrons and subtracting the resulting 

average mncentrabon from C, values generated dunng simdatmns of higher wmd conditrons 

V o l m o n  of Gases If lnhalatlon of v0lat.de chermcal specres emttcd from areas of IHSS 

115 by workers or future rtstdents outdoors is eveatually dmdcd to be an exposure pathway 

of concern, them addibonal field work wdl be r e q d  to measure the emss1oII rates of these 

volahle gases At thu hme, thn exposure scenano IS not considend a complete exposure 

pathway The mvestlgatlon would be confined to those of the landtill identltied as 

havmg anomalous concentratxons of VOCs by the sod gas survey (Secmn 2 4 2 2) The scape 
and procedures for thu mvestgaaon WIN be documented m a letter prmdcd to EPA and CDH 
for approval pnor to impkmtmtatlon 
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The emission isolabon flux chamber is one of the preferred m-depth technologm for the dvect 

measurement of volatde species emission rates A descnphon of the methodology and 

apphcabllity of the apparatus is given by EPA (1989) The technology uses a surface enclosure 

(flux chamber) to isolate a known surface area for ermssion flux (rate per area) measurement 

The emission isolatlon flux chamber for solid surfaces is illustrated in Figure 3 1 2 4-2 

Emssions enter the open bottom of the chamber from the exposed surface Clean, dry sweep 

a r  is added to the chamber at a metered rate Withm the chamber, the sweep an is mixed wth 

emtted gases by the physical design of the sweep au d e t  The sweep au creates a shght wmd 

velocity at the emithng sdace, preventmg a budd up of the emmion concentrabon rn the 

boundary layer d m t l y  above the surface The exlt port is used for measunng the concentrabon 

of the a r  withm the chamber or for sampling and subsequent analysis 

This technology dmctly measures essentrallv an instantaneous emssion flow (flux) from that 

surface The emssion flux is calculated from the surface area isolated, the sweep a r  flow rate, 
and the emssron concentrabon StahStId methods are used to d e t e m e  the number of 

measurement locabons requlred to charactem the emssions from an area source These 
methods are based on the surface area of the source and the vanbdity (precision) of the 

measured emssion rate at randomly selected 1OCaaOnS across the site Use of the emssion 

isolabon flux chamber is descnbed m the draft "Measurement of Gaseous Emssion Rates from 

Land Surfaces Using an Emission Isolabon Flux Chamber User's Guide" (Keinbusch, 1986) 

The emission isolabon flux chamber was validated for EPA (usmg standard methods) for 

measunng voiat.de emissions from landfills (Eklund, et al , n d , Kembusch, 1986) 

I 
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The enurnon flux is calculated as 

where E, = enusson flux of cumponent i (ugh*-mtn), 
C, = concentratam of component 1 at chamber outkt (ug/m3), 
Q = sweep an flow rate mto chamber (m3/nun), and 
A = surface area enclosed by chamber (m2) 

The emfssfon I S O ~ O I I  flux chamber is apphcablc to ermsslon flux mssmmcnt from all types 

of area souras, mcludrng landfills, open dumps, and waste @CS apphcabk wth 

mochficaaons to hquid surfaces The technology can be used at open and closed landfills, unth 

or wthout mternal gas generaaon It can &e used to asscss emisslon rates from cracks m the 

surface cover and fiom vents wth -mal or no volumetric flow It is applicable both for 

un&stwbed and disturbed site condmons and for the testmg of msslons control technologics 

It 

The ermsslon fluxes of volatde species may bc enhaaced or srrppressed strict the flux chamber 

alters the enwonmental cond~trons (e g , wmd speed, ambient temperature) at the samplmg 

locaUons The technology does not assess the & i t s  of ambient metsorologcal con&tmns on 

the emsslon rate The techmque IS not parhcdarly well mted to large emission sourccs wth 

a hgh degree of heterogeneity Cornpanson of sample data and vanabd~ty can detemne the 

number of samphg locations needed to detcrrmne rqrcscntatave area emsslons The 
technology is not apphcable to the measurement of partlcutate ems&on fluxes 
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3 2 IHSS 133 (ASH PITS, INCINERATOR, AND CONCRETE-WASH PAD) 

Based upon analyses of data collected at IHSS 133, a program of additronal samphg and 

analyses has been formulated The detads of th~s adchonal work, as well as the rationale for 
it, are presented m the followng subsecttons 

3 2 1  DataNeeds 

I n v v  Ana- As discussed m %chon 2 2 2 2, the TDEM survey of the 
MSS 133 area idenhfied several anomalles that reqm further mveshgahon A comprehenslve 
field mspecuon of all TDEM anomalles is requued to separate anomahes due to surface metaulc 

debns from bund metaIhc debns in trenches and ash pits Once the anomalies caused by 

surface metahc debns have been ehminated, additlonal sod boreholes and soil samphg may 

be requlred to confm the presence of wastes b u n d  m the new trenches and pits as 

charactenzed by the TDEM data 

Groundwater In VeStEoagM Given that many proposed morutormg well locaQons dnlled dumg 

OU5 Phase I RFI/RI actlvit~es were not mstalled because the boreholes did not indicate or 
produce groundwater, the presence of groundwater and pOteIIhal groundwater migrahon 

pathways m the IHSS 133 area need to be further characted Th~s informatron is requited 

for both the nature and extent evaluatron and the groundwater modelhng Addittonally, 

groundwater levels need to be monitored at IHSS 133 in order to provide the necessary input 

for the hydrogeologic model 
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The potcntml for re-suspcnston of contarmnated soll has not been dmctly 

addressed m the mvestlgatlon of MSS 133 To make h s  evalu&on requms a detc-on 
of the corrected threshold hmon veImty of the sod The phased mvestlgation procedures to 
a q m  corrected threshold hctlon vdmty data for IHSS 115 (section 3 1 2 4) are apphcabie 

toIHSS 133 

Due to the fact that any VOCs would have been destroyed dururg the ~lcfnefatfon process, 
volatde chemcal species are not a concern at MSS 133 Therefore, no field work to measufe 

the ermsslon ratts of volatile speclw u proposed for IHSS 133 

This sectam detarls the amended FSP for the IHSS 133 sites Table 3 2 2-1 summarizes the 

amended FSP for the IHSS 133 ntcs 

3 2 2 1 Investlgatron of TDEM Anomahes 

The mults of the TDEM survey dcak that many gaqhysrcal a n o m a h  are present 

throughout IHSS 133 Although some of these geophysical anomah an! assoaated wth known 

trenches and ash pits, many more anomajlcts appear to exlst m thn area, but thev ongins are as 
yet unknown These anomahes may be assoclsIted wth uther surface metallic dcbns not 
observed at the tlme of the suwey due to snow mer, or prevtously unlmown trenches and pits, 

whch requm further mvemgatlon 

- _  



21100.WP-OUO5 1 EG&G ROCKY FLATS PLAN" lZlanual 
Techmcal Memorandum No 15 Section 3 0, Draf't Final Rev 0 

Volume 1 Effective Date May 13, 1994 
Category 1 

3-19 Of 3-26 Amended Field Samplrng Plan WIe 

Orgaruzahon Enmnmental Remechation Div 

Comprehenslve field inspechon wll be performed over the entue geophysical survey gnd to 

idenhfy areas where surface metalllc debns (1 e , cans and fence posts) is present The source 

of the anomalies wll be documented in field books or on maps and will mclude the approximate 
gnd coordmates and type of debns If a source cannot be idenhfied for a mapped anomaly, th~s 

will be also documented If anomalles are idenhfied that cannot be associated with surface 

debns, addihonal work elements to inVeShgate the source and charactenshcs of the anomalles 

will be proposed to €PA and CDH in a letter 

Sod boreholes WLU be dnlled to geologically and chemcally charactem the surface and 

subsurface matenals wthm the four anomalous areas idenhfied from the TDEM survey that 

seem to be associated wth possible trenches (see discussion m SechOn 2 5 2 2 3 of Volume 2) 
These sod boreholes will also assist in assessing the lateral and vemcal extent of the trenches 

and pits Seven boreholes (Figure 3 2 2 1-1) wdl be dnlled m these four anomalous areas 

specifically, 

one borehole will be located approximately 10 ft southeast of the concrete pad, m the 
north-central pomon of IHSS 133, 

two sod boreholes will be advanced at a locabon approximately 25 ft north of IHSS 
133 6 and 25 fi south of the dirt road underneath the power lmes, 

one borehole wdl be dnlled at MSS 133 4, in the center of the TDEM anomaly 
assocrated with the northern trench, approxlmately nudway between exlshng 
boreholes 55993 and 56093C, and 

three boreholes wll be advanced on either end and the center of the geophysical 
anomaly between IHSS 133 3 and IHSS 133 4, approximately 20 ft south of the dirt 
road beneath the power lines 
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All dnlhg  and samphg acbmt~~~  wdl be conducted m accordance wth the ~roadures outhd 
in TM7 and as defined by EG&G's SOPS SpcdcaUy, &foot c o m p t e  sal samples wdl be 
collected from ground surface to the first bedrock mtervai These sod samples wll be analyzed 

for TAL metals, uranlum-233/234, ufaruum-235, UI~NUIN-238, plut01~~m-239/240, ammaurn- 
241, grossalpha, and gross beta. Ten percent of the sod ~amplc~collacted wrll also be analyzed 
for gratn-su;e dmnbuQon (+200 fract~on) 

Due to the overhead powerhes, it 1s anhcipated that all of the d n b g  wrll be accomplished wth 

small ngs usng the Kansas sampk Thts type of borehole also o f h i  the advantage over HSA 

borehob m that there are no cuttmgs and only small quantltles of residual stnl from samplurg 
that need to be handled (disposed) 

At borehole locahons where groundwattx IS encountered an attempt wdl be made to ob- a 
groundwater sample Groundwater mll be sampled wth either a Hydrapunch I1 sampler 
operatmg m the hydrucarbon mode or a temporary well pomt A length of dedicated 
(disposable) Teflon wdl be used m conjunchon mth a penstaihc pump to &tam groundwater 
samples from either samphg dmce The quanhty of gmundwabcr may be hrnitcd and 

unfiltered samples WIII be collected m the followmg order of pnonty, 1) umuum-233/234, 

umum-235, and uranrum-238,2) gross alpha and grass beta, 3) TAL metals, and 4) plutoruum- 
239/240 and amenclum-241 Spafic conductance, pH, tenrperatuIt, and drssolved oxygen wdl 

be measured m the field If the quanbty of groundwater is hrmfed, these parameters wdl be 
measured m the contamer used for uranium analyses If there IS a sufficient quanhty of 

groundwater, a separate contamer wdl be filled for measuring these field parameters 
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Field QC samples wll be collected for both sod and groundwater samples Duphcate samples 

will be collected with the frequency of one duphcate sample per 10 real samples hnsate 

samples vvlll be collected wth the frequency of one  ate sample per 20 real samples or a 
mimmum of one  ate sample per day of samphg Rmsates for groundwater samples 

collected wth the Hydropunch II wll be obtarned by nnsmg the sampling den= and associated 

equipment Because groundwater samphg equipment assoclilted wth ten'prary well pomts is 

dedicated, the mstrument probes used to measure field parameters wll be  sed to obtm the 

groundwater  ate samples for samples obtarned using this techque 

3 2 2 2 Groundwater Investlgatlon 

Based on infonnahon from geologic logs of boreholes and monitonng wells in and around the 

IHSS 133 area with regard to bedrock topography and degree of saturahon of sods, there are 

several areas where insufficient data exist Nine sod boreholes will be advanced and small- 

diameter piezometers installed at these locahons (Figure 3 2 2 2-1) Five of these boreholes wdl 

be located as close to the creek bed as possible These! boreholes will be advanced as specified 

in SOP GT 2, D n h g  and Samphng Usmg Hollow Stem Auger Techmques Sod samples 

(core) wdl be collected conMuousiy with a Kansas sampler Geotechcal samples wdl also be 

collected at approxlmately 5-foot mtervals from these boreholes and analyzed for natural 

moisture content Core w d  be retamed in core boxes Boreholes and samples will be logged 

in accordance wth SOP GT 1, Loggmg Alluvlal and Bedrock M a t e d  

Piezometers will be installed in each borehole m accordance wth SOP GT 6, Monitonng Wells 

and Plezometer Installabon, and developed in accordance wth SOP GW 2, Well Development 

Piezometers wdl be surveyed m accordance with SOP GT 17 Land Surveying (top of m e r  
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casmg and protsctlve casrng measurcd to 0 01 foot aecuraq vcrhdly) Slnce these locatms 
are outslde the IHSS boundancs, am wdl only be smuwd by field instruments 

Frequent water level elewmon data arc important ylput pvameten to the hydrogedomc model 

dong or north of Woman Creek, south of the West R d ,  eat of the west dut penmeter mad, 

and west of the eastmn extent of the IHSS 133 area Water levels shpll be measured monthly 

for a year Thls wdl chuactenzc the maptudc of sewd fluctuat~cms and p m d e  the 

hydrogmlogc an average lwei 

Wamlevds wlll be mmsuled 111 all the montaonngwdls, u d  pol-, and pfcmmem ware 

he-hme groundwater samples shall be &wed from any well pomts that arc adjacent to ot 
downgradient of an IHSS or TDEM anomaty (exmt the par#omcten along Woman Creek) if 

water level measurements mdxatc pre~ence of a su€€hent quantrty of water Groundwater 

samples wdl be colkcted m the pnonty hsted on Tablq 3 1 2  3-1, wth the exccptlon that 

samples for VOCs WIU not be collected Information from these samplts wdl be used for the 

evalwon of nature and extent, as well as q u t  fbr the h y d m g u h p  model 

A visual field survey wdl be pedormed along the length of Woman Creek downgradient of the 

IHSS 133 senes area The objectwe of tius wsual survey is to characterize whem bedrock crops 
out m the stream channel, if at all -on of bedrock outcrops vvlu be documented m the 
field on a map of an appropriate s c a l e d  the charactu of the bedrockand outcrop wdl be 
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documented m field books llus mformahon urlll be used to rewse the bedrock topography map 

and provide input to the hydrogeologic model 

The water level will be measured in monitonng well 58793 monthly for a year If the water 

level nses above the permeable umt in this well (see Secuon 2 5 4 1-3 in Volume 2), an aquifer 

pumpmg test wdl be performed 

l&&Qj@l ve Ambient Air MO-P - prOeram -1 Ambient a u  morutonng by the 

RAAMP network wdl conmue for the enure facrllty The specific apphcabrllty of the RAAMP 

data to OU5 is hrmted The presence of mulhple sources throughout the facility precludes a 

deternunahon of mdividual source contnbubons R A W  sampler f7lters are analyzed only for 

two radionuchdes, plutoruum-238 and plutoruum-239 

1 1 Plans are to conhnue operahon of the spec& OU5 ambient 

atr samplers (S-100, S-101, and S-102) as regular components of the R A M P  As discussed 

in Secbon 2 4 6 3, future sample analyses and data vabdabon posslbly will provide some 

indicabon of any specific contnbuuon of IHSS 133 to ambient levels of radionuclides 

Wind Re--on Potend 

3 1 2 4) is also recommended for IHSS 133 

The invesbgahon approach ouhed for MSS 115 (Secbon 
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3 3 IHSS 142 10 AND 142 11 (C PONDS) 

Because additional s-- data curently are bang collected m OU5 as part of the ongomg 

area-wde monttorurg at RFP, & a d  surfacc-watcr data are judged not to be needed Based 

upon analyss of the h s t o d  and rccc~t saiinmtqwlity data, no addmmai bottom-sadtmart 

data needs have been idcnMed at &IS bme 

3 4 IHSS 209 AND OTHER SURFACE DISTURBANCES 

J3ased upon analyses of data ooikcted at IHSS 209 and other surhcc d~sturbances, aprogram 

of addib0m.l samphg and analyses has becn formulated The dctads of tlus addtbonal work, 

as well as the monaie for it,  are presented 1~ the followmg subsections 

fight of the surface sod samples for plu~urn-239/240 exlubitcd actmty e x w g  the BUTL 
and one of these, sample SS50075, was an order of magmtude greater than the BUTL Four 
of the eight samples also a b i t e d  americium-241 greater than the BUTL Three of these 

samples ss50075, ss50085, and ss50086 were an order of magMtwle gmum than the BUTL 
Therefore, add~tmnal samphg for plutoluum-239/240 and ame~num-241 m MSS 209 and the 

other swface &sturbaMxs is recommended 
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3 4 2 Field Samplmg Plan 

The followng sechons outhe the amended FSP for IHSS 209 and the other surface 
disturbances Table 3 4 2-1 summarizes the amended FSP 

3 4 2 1 Surface Radiologicai Survey and Surface Sod Samphg 

The followmg work elements wdl be conducted at IHSS 209 and the other surface disturbances, 

an HPGe survey of porhons of IHSS 209 and the other surface &sturbana be 
conducted (Figures 3 4 2 1-1 and 3 4 2 1-2), 
HPGe anodes wdl then be FXDLER Surveyed to idenhfy the locahons with the 
greatest actmty, and 
surface sod samples wll then be collected from these locations and analyzed for 
plutomum-239/240 and ammaurn-24 1 

To promde full HPGe coverage of the areas of mterest it is recommended that a gnd spacmg 
of 70 ft be used in conjunctlon with an HPGe field of view of 100 ft in diameter In addibon 

to providmg full coverage h s  geometry also reduces the size of the areas to be FIDLER 
surveyed to a manageable slze Assummg that each HPGe s w e y  stahon wdl requve 1 hour, 
all three areas of interest could be surveyed in about 5 weeks After the HPGe data are 

processed and anomaha idenhfied, FIDLER surveys w11 be deslgned 

The FIDLER survey wlll be conducted in accordance with SOP FO 16, Surface Radiological 

Measurements, as modified by Document Change Nohce (DCN) 93 01, and Envlronmental 
Management Radiological Guideline 6 6, as modified by DCN 93 01 These surveys will be 
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performed by estabhhg a square gnd across an anomaly hcs on 4-foot spang wdl then 

slowly walked wMe slowly momg the FIDLER m an arcrng mohm The &splay on the 

FIDLER wdl be carefully watched dunng tfus proces~ so as to ob- any deflectxms from 
background levels If rcadmga m exccss of background am detcckd, a suwey confined to a 

smaller area urd be completed to attempt to identt€y the source(s) of the e o n  detected 

A surface sod samphg program WIII be destgaed basbd upon the results of the FIDLER 

swey(s) A surface soll sample WI.U be collected from each anomaly ldenhfied by the FIDLER 
sumey If the mDLER survey das not xbt@ any souras of anombus mduifmn Urlthtn the 

HPGe anomak, three surfga soil SaRIpleS WIN be collecad randomly unthrn each HPGe 

anomaly The surface sod samplcs wdl be collected u m g  the Rocky -Method and wdl be 
analyzed for plutomum-239/240 and ammaurn-241 The number of surface sod samples to be 

collected would be proposed to EPA and CDH m a bnef letter report "ius report vvlll 

summanze the results of both the HPGe suwey and the FIDLER survey(s) and proposed SU* 

sod samphg locauons 
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Table 3 1 2 3-1 Analysls Paramctcrs, Sequence of fillmm, and 
order of b n t y  for Groundwater Samples' 

--tq er f 

Rahaon Scntmng 

TCLVOCs 2 - 4 0 m l  

6 oz (180 ml) 

Dissolved U1~~m-233/234,  Urar~~m-235, and Ura1~ln-238 lo0 ml* 

Amenam-241 1L 
Pl~toruum-239/240 1L 
Field Test Parameters 

00 Ph Conducavlty andTcmpMaturc 

Dissolved Metals - CLP w/ Cs, Li Sr, Sn, Mo, SI 

BNA (Bast Neutral Aad) 

Pestxcides / PCB 

Dissolved Gross Alpha and Gross Beta 

'H 
TSS (Total Suspended Soh&) 
TOC (Total Orgamc Carbon) 
COD (Chemical Oxygen Demand) 

Orthophosphate (filtered) 

Nitrate / Nlmte as N 
Dissoivcd Stronuum-891PO 

Dissolved Radum-226/228 

TDS, Cl, F, SO,, CO,, HCOS 

CYanlde 

IhssOlved Cesl~m- 137 

35 ml 
1 L* 
1 L (lo00 mi) 

1L 
550 ml* 

100 ml 

125 ml 
125 ml 

125 ml 
250 mi* 

250 mi 
700 ml* 

750 ml* 

1 L  

1L 
25 L (2500 ml)* 

* = On site filtered sample (045 - rmcr~m fdter) 

See Tables 3 1 2-1,3 2 2-1, and 3 4 2-1 for hsts of adytcs for sampics to be collected. 
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Air Monitonng Stabons Along Woman Creek and the South Interceptor 
Ditch 

Revised Locaoons of IHSS 133 Sites 

1992 HPGe Survey LOcahOn Map, IHSS 133 

1993 HPGe Survey LocaQon Map, IHSS 133 

Total MagnehC Field, IHSS 133 

EM-31 Conduchwty (Quadrature Phase), Vemcal Dipole 

Time-Domam EM Conducbwty, IHSS 133 

1951 Aenal Photograph, Woman Creek Dmnage, Pre-Rocky Flats 
Plant 

1953 Aenal Photograph, IHSSs 115 and 133 

1955 Aenal Photograph, IHSSs 115 and 133 
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Radionuclides Detected Excecdmg BUTL in Borehole Sod Samples, 
IHSS 133 

General& Geologic Cross-Sezhon C-C’, IHSS 133 3 

Generaked Geologc Cross-Sechon D-D’, IHSS 133 1 

Generahzed Geologic Cross-Secaon E-E’, IHSS 133 4 

Genmlued Geologic Cross-Sectton F-F’, IHSS 133 5 

Generalized Geologic cross-Sechon G-G’, IHSS 133 6 

Magnetlc Anomaly and Borehole Lacabon Map, West of IHSS 133 

Proposed Monitonng Well LCXahOn Map, IHSS 133 

Monitonng Well Locabon Map, IHSS 133 

Generalized Geologic Cross sechon H-H’, IHSS 133 

Aquifer Pumping Test Site Location Map, IHSS 133 

GeneraluRd Geolog~c Cross Sechon I-I,, Aquifer Pumping Test, IHSS 
133 

Depth Profile Data, Pond C-2, 1990 Hydrolab pH Measurements 

Depth ProNe Data, Pond C-2, 1990 Hydrolab Specific-Conductance 
Measurements 

Depth Profile Data, Pond C-2, 1990 Hydrolab Dissolved-Oxygen 
Measurements 

Depth Profile Data, Pond C-2, 1990 Hydrolab Water-Temperature 
Measurements 
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1 0  NTRODUCTION 

This Technical Memorandum 0 presents the results obtarned dunng implementahon of the 

Work Plan for the Phase I RCRA Facrllty InveshgahodRemednl Inveshgatlon (RFVRI) of the 
Woman Creek Dmage (Operable Unit No 5 (OUS)) at the Rocky Flats Plant (RFP), Jefferson 
County, Colorado (DOE, 1992a) This TM also identlfies gaps in the data obmned thus far in 

the inveshgahon and proposes an amended Phase I Field Samplmg Plan (FSP) for obmning the 

informanon necessary to fill those gaps 

This TM is presented in two volumes Volume 1 provides a summary of the data obmned by 
the Phase I RFYRI to date and then provides a proposed amended FSP for obmning necessary 

addihonal informabon This volume, Volume 2, presents a dewled discussion of the Phase I 

RFI/RI achvihes conducted to date This volume outlmes the methodology for and results of 
each stage of the mvesbgahon and provides the bases for the identlficahon of data gaps and the 

development of the amended FSP as presented UI Volume 1 

11 PURPOSE OF PROJECT 

The purpose of the OU5 Phase I RFI/RI is to assess the potenhal contaminahon associated wlth 

several Individual Hazardous Substance Sites (IHSSs) that are located within the Woman Creek 

I 
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dramage The data mllcctd under the field mvesttgaticm pomm of the RFyRl wll be used to 

b e p  developmg and scrcamg r e m u i d  altunatives and to evaluate the need for further studies 

of the OU5 IHSSs The data wdl also be used to esttmate nsks to human health and the 

envvonment posed by each IHSS 

Tlus TM has two pnmary O~JCC~IVM The first is to wc the Currentiy awulable resalts to 

describe the actIvmes that have ban pdormd under the Phase I RFYRI The sccond ob-= 
is to idenbfy where ad<fibonaI data are reqwed to assess the nature and extent of amtaminahon 

at the ZHSSs and provide an amended Phase I FSP for obtamng these data 

1 2  BACKGROUND 

Eleven IHSSs, geographdly located along or wthm the draurage afeas of Woman Creek 
(Figure 1 2-1), have been designated as OU5 These IHSSs lnclude the O n g d  Landfill (IHSS 

115), Ash hts, Incmerattor, and Concrete Wash Pad (IHSSs 133 1 through 133 a), Detenaon 
Ponds C-1 and C-2 (MSSs 142 10 and 142 1 l), and a Surface Disturbarrce (IHSS 209) Ponds 

C-1 and C-2 are the only IHSSs located on Woman Creek The remamng IHSSs are located 
along the banks and/or upland ahas that d m  lnto Woman Crcek or mto the South Intcraptor 

Ditch (SID) In addrtlon to these MSSs, two ztdd~t~onat surfax Qsturbances are bung 

mvveshgated m the Phase I OU5 urvest~gi~~on, a Surface Dmrbance West of MSS 209 and a 
Surface Distmbance South of the Ash Plts 

On May 27, 1993, the U S  Enmmental protectton Agency (EPA) and the Colorado 

Department of Health (CDH) notlficd the U S Depsrtment of Energy W E )  that MSS 196, 

Water Treatment Plant Fdter Backwash Pond, was to be included m the OU5 ItWesQahOn This 
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IHSS was previously scheduled to be rnveshgated as part of OU16, Low Pnonty Sites Because 

of its proxlmty to IHSS 115, the investIgahon of IHSS 196 was conducted concurrently wth 

that of IHSS 115 

121 IHSS Descnphons and fistones 

The followlng sechons descnbe the locabons, physical features, and tustones of each of the OU5 
IHSSs These discussions are pnmanly based on the lnformatlon prowded in the OU5 Work 
Plan SechOnS 2 4 to 2 7 of th~s TM d~scuss & h o d  lnformahon that was obtamed durrng the 

course of the rnv-gatlon of the MSSs that prowde further detad regarding the locatm, 

descnphon, and history of the IHSSs 

1 2 1 1 MSS 115 (Ongmal Landfill) and IHSS 196 (Fdter Backwash Pond) 

The Ongmal Landfill is located w i h  the buffer zone just south of the RFP industnald area 

and south of the west access road (Figure 1 2-2) It is located north of Woman Creek on a 

moderately to steeply sloping south-facing hllside 

The Ongmal Landfill was m operahon from 1952 to 1968 and was used to dispose of general 

wastes generated at RFP It is ahmated that 2 &on cubic feet of mallaneous RFP wastes 

are bund m the landfill, lncludlng such things as solvents, pamts, pamt thmners, oil, pestmdes, 

and cleaners (Rockwell, 1988) These wastes were not considered hazardous pnor to 1968, 
when they were placed in the landfill The landfill also received berylhum and/or uranium 
wastes and may ongrnally have been used as a graphte dump It has been reported that ash 

contaming an ahmated 20 lulograms (kg) of depleted uraruum (DOE, 1986), produced when 
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60 kg of depleted uramuz11 wen madvertently bunred and only 40 kg wcrc recovered, was buned 

wthm the laadfill Chuxucals that may have been placed m thts landfill d u d e  commonly used 
solvents, such as tnchloroeshcne 0, carbon taachlcmdc, tetmchloroethene 0, 
petroleum d~stdlates, l,l,l-tnchlorocthane (l,l,l-TCA), &chloromethane 0, benzene, 
pamt and pamt thurners Metals such as berylhum, mamum, leacl, and chromum may also be 
pnsent (Rockwell, 1988) Accurate records of any further wasta placed m thu landfill arc not 

avatlable 

IHSS 196, a evaporptlon/settrurg pond thatwas used forkkfludmg sand filters from the 

water treamlent f a d t y  @uddmg 124), was located near the western edge of the landfill (Figure 

1 2-2) It appears that a second pond was vmble m a 1955 acnal photograph m the approximate 

locahon of the SID, but by 1964 this pond was no longer preseat d the area had been covcrcd 

by fill (DOE, 199%) 

By 1980, the SID had baen bwlt across the southern part of the landfill several other achwhes 

at the landfiil are apparent from aerial photographs of the area PTeJtlrted 111 EPA (1988) A 
surface d~sturbancc area east of the landfill was achve UI a 1964 amal photograph Littie 

documented hrstoncal mformahm IS avidable concernurg this area, however, th~s area may have 

saved as a storage yard far ptptsand scrap metal In addmon, sod appears to have been placed 

in this area as substantd d s  of dcbns are nomd m thu aita ln 1969 and 1971 aenal 

phosographs (EPA, 1988) 

The landfill was closed wth a sod cover, however, a bottom her was not lnstalled Detatls of 

the construction of the surface mer are not avarlable, nor is the year the cover was mstalled 

i 
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The slope on the south side of the landfill was regraded to correct sloughmg and erosion-related 

problems 

Two storm-sewer pipes protrude from the landfill area (Figure 1 2-2) The west pipe is no 

longer connected to a dmage system The pipe which cuts diagonally across the landfill from 

west to east appears to be connected to storm drams and possibly foundahon drams in the 400 

Area (Sechon 2 4 5) This pipe discharges to the SID just east of the surface disturbance east 

of the landfill 

1 2 1 2 IHSS 133 (Ash PI&, Inanerator, and Concrete Wash Pad) 

The Incmerator, Ash Pits, and Concrete Wash Pad are located south-southwest of the 

industnahzd area of FWP, south of the west access road and north of Woman Creek (Figure 

1 2-3) The 

Incmerator, whch had a 10- to 20-foot stack, was located along RFp’s ongmal west boundary, 
off the west access road The Ash Pits are located to the east, and Concrete Wash Pad is 

located southwest of the Incmerator Ash plts 1,  2, 3, and 4 (IHSSs 133 1 ,  133 2, 133 3, 

133 4) are approxtmately 8 feet (ft) wide by 150 ft long and 3 ft deep However, these Ash Pits 

may be larger as the exact boundanes and dimensions of each unit are somewhat undefined 

(DOE, 1987) The four Ash hts are located on a relahvely flat surface and are currently 

covered by tall grasses 

The locatxons of these IHSSs are defined from histonc aenal photographs 

The Incmerator afea (IHSS 133 5) occupies approxlmately 4,000 square feet (ft’) and the 
Concrete Wash Pad (MSS 133 6) covers an area of about 33,000 ff  These two IHSSs are 
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located west of the four A& PI@ 
extremely uregulat hummocky surface that slopes gently to the south toward Wman Creek 

The area twrmdang the Cottcrete Wash Pad has M 

The Incmerator was used to bum gamai RFP wastes between the 1950s and 1968 Depkhad 
uratllum is also Wevd to have been burned m the Inanerator (llockwcll, 1988) A rewew of 
aenal photosraphs revealed that the Inclneratorwas removed by 1971 and the ea- area ~krgg 

begmmg to revegetate (EPA, 1988) Ashes from the Inunaam wcrt placed mto the Ash Rts 
or wem pushed over the side of the hdl mto the Woman Creek W a g e  and/or onto the 

Concrete Wash Pad (Rockwdl, 1988) FoUow~ng the shutdown o f a  hanuator after 1968, 

the Ash Rts werecovesrbd wth fill (Rockwdl, 1988), h m e r ,  sn€bmahoneboutthe matmal 

used IXI the constnrctlon of the cover is unav;ulable 

The hstory of the Concrete Wash Pad has not been as well dacumeated as the Ash Rts or 
Incmerator area It appears that this area was used to dtspose of waste concrete from the 

concrete trucks mvolved III the comrucbon actmtacs of RFP It is also Uely that the concrete 

trucks were washed down in ttus area after d e h q  concrete. 

The hstory of the Ash Rts, h-m, and Concrett Wash W is not enhrdy b w n  becauJe 

few records were kept of thev opemmns It is, known, however, that gemed cumbustrblc 

wastes from RFP were burned m the lncurerator along wth an estamated 100 grams of depleted 
u m u m  (Owen and Steward, 1973) The ashes from the Inclntrator were Qsposed in the Ash 

Pits At the Concrete Wash pad, potenWy contammad matenals consist of concrete debns 
and OccaSlOnal ashes from the inculerator that were reporvd to have been pushed over the %de 

of the hrll onto the Concrete Wash Pad m a  (Rockwell, 1988) 
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A rayscope survey (an unknown type of survey) was conducted over Ash Pit 3 (IHSS 133 3) 

pnor to 1973 and the results of this survey detected metals (type unknown) (DOE, 1987) No 

documentauon exlsts as to whether the other Ash plts (IHSSs 133 1, 133 2, and 133 4) had a 
rayscope survey done over thev surfaces 

1 2 1 3 IHSS 142 10 and 142 11 (C Ponds) 

Ponds C-1 (IHSS 142 10) and C-2 (IHSS 142 11) are located along Woman Creek, southeast of 

the mdustnahed area of RFP and wthm the Buffer Zone (Figure 1 2-1) These ponds are 

approxlmately 2,000 ft apart, wth Pond C-1 to the west of Pond C-2 The esumated capac~t~es 
for Ponds C-1 and C-2 are approximately 750,000 gallons and 2,480,000 gallons, respez~vely 

The natural dramage of Woman Creek has been somewhat modified in the OUS area by the 

constructlon of Ponds C-1 and C-2 and the SID south of RFP Currently, Woman Creek flows 

eastward through OU5 in its natural stream channel to Pond C-1 (Figure 1 2-1) Fdter 

backwash water from the water treatment facihty was discharged in Pond C-1 between RFP 

start-up m 1952 and December 21, 1973 (DOE, 1980) In addihon, the cooling tower blowdown 

water was discharged to Pond C-1 untd the latter part of 1974 In the early 1970s, RFP 

operatlons were changed and Pond C-1 was used principally to manage the surface water runoff 
in the Woman Creek dmnage Water is rarely retuned whn h s  pond as the outlet or gate 

is usually open and the water is allowed to flow through the pond The water consequently 

flows in its natural channel unhl just west of Pond C-2 where it is diverted around Pond C-2 by 

a diversion canal Dunng low flows, downgradient and to the east of Pond C-2, all of the water 

is diverted from Woman Creek’s m m  channel into an unnamed ditch that flows into Mower 
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Reservov Dunng hlgh flows, some flow mhn\#s to flow downstnam m Woman Creek and 

mto Standley Lake Reservou 

In 1980, the SID was constructed upslope (to the north) of Woman Creek (Figure 1 2-1) to 
intercept surface runoff from RFP A berm was constructed on the downslope slde of the SID 
to conm the water flowmg m t h ~ ~  d~tch Since c0n-m of the SID m 1980, Woman Cnek 

has not rexmved runoff dvectly fiom the southern part of RFP Surface water flow m the SID 

when flow 1s lnterrm#ent and usually occurs only f o l l o w  prempltatlon events or snow melt 

is low, water tends to pard In several gttas of thedxtch The SID bqpsapproxrmately 200A 

east of the Ash Pits and runs for almost two rmteS to Pond C-2 (Figure 12-1) The SID is 

appraxlmtely 4 to 8 ft m depth and is not lured Just upJlope of Pond C-2, the water flowmg 

in the SID crosses over Woman Creek and flows mto Pond C-2 In Pond C-2, the water IS 

sampled, analyzed, and discharged mto a canal that diverts water around Great Western 

Resemoir accordmg to a Nat~onai Pollutant Discharge Elirmnatron System (NPDES) agreement 
( P e m t  No CO-0001333) 

1 2 1 4 MSS 209 and meT surface E h s t u ~ c e s  

Three sepeuate surface drsftrrbances wdl be described m ths -on IHSS 209, the Surface 
Disturbance West of IHSS 209, and the Surfaoe Duturbance South of the Ash PI& IHSS 209 

is located to the southeast of the RFP industnaked area, south of Woman Creek and 
approxlmately 1,OOO ft southeast of Pond C-1 (MSS 142 10) (Figure 1 2-4) Thls area was 

mcluded as an IHSS because unknown achvtaes took piace m tkw area of shallow excavaQons 

and is located on a long narrow plateau bounded to the north, east and south by a slope leadtng 

and SU- dl~airbances (DOE, IHSS 209 COV- approxunately 225,OOO fP (5 2 -) 
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into the Woman Creek dramage A dirt road transects th~s IHSS and loops near the eastern 
boundary Three excavahons are located withm the boundary of h s  IHSS (Figure 1 2-4) Two 
depressions, which penodically remn water, are present near the northern and southwestcrn 
boundary of the IHSS (Figure 1 2-4) 

A second surface disturbance, the Surface Disturbance West of IHSS 209, located approxlmately 

1,500 ft west of IHSS 209 is also included m the OU5 mvestlgatlon The area consists of 
several small disturbed areas in a somewhat symmetnc arrangement (Figure 1 2-4) This 

disturbance covers an area of appmxlmately 62,500 (approxlmatcly 1 4 acres) 

A thud surface disturbance area, the Surface Disturbance South of the Ash Pits, is also bemg 

inveshgated under the OU5 RFI/RI This area is located 1,200 ft south of IHSS 133 and south 
of Woman Creek This area consists of several former excavabon areas (Figure 1 2-5) These 

surface disturbances were idenhfied in aenal photographs taken between 1955 and 1988 as 

presented 111 EPA (1988) There is stdl surface ewdence of some of these disturbances Two 

former excavabons trend along northeast-southwest axes (Figure 1 2-5) Each excavatlon is 

approximately 30 ft wide by 400 ft long A third area is located northeast of the parallel 

excavahons and a fourth excavatlon (3 ft wde by approxlmately 2 ft deep) is located to the 
southwest Thts excavatlon trends in a north-south dmtlon across the plateau An additlonal 

disturbed area is appmxlmately 150 ft wide by 600 ft long and is located upslope (southwest) 
from the other disturbances 

It is not known what achvity or achvihes may have taken place at IHSS 209 or at the other 
surface disturbances However, the ume penod m which these areas were disturbed has been 

eshrnated from aend photographs presented in EPA (1988) 
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IHSS 209 first appears as a dumbed area m a 1955 aetlat pho&pph @PA, 1988) "he 

ground was dumbed both west and east of the dut mad, however, no obwous feaftves or 
equipmentcanbeseenmthephoto By 1 9 6 1 , i h r a e ~ ~ ~ a ~ e = t ~ d w W b I H s s  The 
depression located near the souh- bou&q of thrsIHSS appears= a pond 111 1981), 

1983, and 1988 amal photogropsls (EPA, 1988) A 1981) aeml photograph also reveals that the 
western halfofthe IHSS wasbegurnrng torevegetate. By 1988, theonlyr-g-ib~efiie;ldures 
on or near h s  surface dstuhna wcrc the pl#eace of the eamsn-most cxcavatwn and the 
pond located neat the northern boundary of th~s MSS (F- 1 2-4) 

The OU5 Work Plan stated that theSw€bI)lstrtrbana WcstofIHSS 209 appears to have- 

the location of a mho tower mstalhon based on the geometry of tke five drshubancas at th~s 
site Thls surface dtsturbance was observed m a 195s aenai PQlatagraPh and was all mcient 

on photographs unhl about 1971 when the area startcd rcvcgehumg A radio tower, however, 

was never viewed 111 the aenal photogmphs 

The east excawmon area was the first area to be noted as a v e  m the Surfkc D~sturbance South 

of the Ash plts Th~s was observed m a 1955 semi photosraph The two paralkl excavatlons 
became actlvc pnor to 1978, as they arc vmbk m a 1978 photo (EPA, 1988) After 1983, the 

excavabon areas started to revegetate The west area, located approxmately 400 ft southwest 

of the paraUel cxcavat~ons, became actlve pnor to 1969 (EPA, 1988) and IS now backfilled wth 

large rocks It is not known when thcse rocks were placed 
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photographs show the object identified shortly after the 1990 HPGe survey as the 
source for the anomaly at Stahon SP-2 protruding through the landfill cover 
matenal 

Based upon this review of the 1990 HPGe survey, the locatlonS of all hot spots idenhfied were 

surveyed and marked with stakes for subsequent radiological surveys (Sechon 2 4 2 3) and 

sampling actmbes (Secbon 2 4 3 1) 

2 4 2  Stage2 

Stage 2 acnwbes at IHSS 115 consisted of geophysical and sod gas surveys, as were specified 

in the OU5 Work Plan In addihon, a radiological survey wth a FIDLER was conducted to 

supplement the 1990 WGe survey discussed in the previous sechon 

2 4 2 1 Geophysical Surveys 

Frequencydomam EM and magnetometer geophysical surveys were conducted m IHSS 1 15 from 

October through December 1992 The performance of these surveys was specified by the OU5 

Work Plan and further detaded m TM2 (EG&G, 1992a) Implementahon and results of these 

surveys are lscussed in this secQon 

Frequency-domam EM surveying is used to determine ground conduchvity and conducuvity 

anomalies associated with such things as bund waste pits and trenches, landfills, sludge 

lagoons, buned drums, or leachate plumes A conunuous transmitted pnmary EM field creates 

an eddy current flow in the subsurface This induces a smaller secondary EM field which is 

measured by the geophysical instruments in the presence of the larger pnmary field The 
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components of this field an the quadmhm phase component (xncawmgground corrducmty) 

and the m-phase component ("metal &techon" mode) m v c  pcnwaaon depth is on the 

order of 15 ft 

Magnetometer sumeying is used to d-te locatmns of mdaulc ob~ects such as bund drums 

or pits/trenches/landfills wth ferr0m;ignehc dcbns by murswlng local vanations rn the earth's 
magnetlc field caused by these objects 

2 4 2 1 1  Introduction 

The geophysical survey o n g d y  proposed for IHSS 115 rn the OW5 Work Plan covered a 

rectangular area of approrumately 600 by 1,700 ft and was to be performed on a 25-foot gnd 

The OUS Work Plan further specified that a TM be prepatad to fully detarl the grid spacmg, 

geophyscal techqua, and procedures to be followed The cktals of the geophysical m e y  

and the results of the act~wties d u c t e d  in pmous stages (i e , the rewew of ems- data, 

includmg anal photographs and the 1990 HPGe SUNcy) are presented m TM2 (EG&G, 1992a) 

In addihon, a msed FSP for the geophysical s u m y  is also d&cd rn TM2 As a result of the 
aenal photograph rewew, the area to be sumeyed was extended 250 ft east to include the 

addittonal rubMe plks ideshfied on a 1988 aenal photograph The northern boundary of the 

geophysical survey was moved 25 ft south to avod the cham iurtr fena at the buffer zorre 

penmeter Concunently, the southern boundary was extended 65 ft south to inchde al l  of Mss 
115, to prow& more awerage over the gamma radmtm anomaly i k t ~ f i e d  southwest of the 

landfill and to prowde deheanon of the 8-inch gas lme 
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Using Colorado State Plane Coordinates, the area surveyed is enclosed by the following 

SW Comer N747,490 E2,080,850 

SE Comer N747,490 E2,082,800 

NE Comer N748,090 E2,082,800 
NW Comer N748,090 E2,080,850 

A baselme for the north coordinate boundary was land surveyed parallel to and along N747,700 

This basehe was assigned a cmrdmate of zero, all north or south coonhates are referenced 
to th~s lme The baselme was measured and marked by wsible flagged stakes along its enhrcty 

each 25 ft TM2 specified that north-south gnd-traverse lines be spaced 25 fi apart and that 

readings be taken at l0-foot intervals along each gnd traverse to increase the resoluuon of the 

survey The east coordmate boundary was assigned a coordinate of zero at E2,080,850, all east- 

west locauons are referenced to this baseline 

The geophysical techniques to be employed dunng this survey were also specified in TM2 A 
magnetometer survey using a Scmtrex/EDA O m  (or equivalent) and an EM survey using a 
Geonics EM-31 were specified in TM2 The survey procedures followed are outlined in Secuon 

2 4 2 1 2  

2 4 2 1 2 Survev Procedu res 

The geophysical surveys were conducted in accordance with SOP GT 18 Tnal survey traverses 

were made across OU5 from north to south using magnetometer and EM instruments 
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Followng these traverses, the data were rewewed to evaluate tnflua~x and mtensity of known 

cultural features in order to charactmzc theu responses 

The site selected for the tixed base s&hon magnetDmeter was prc-scarmd mer a 25-foot rad~us 
to assure that no visible or buned ferromagnchc matenals wcxe present 

Gnd travezsc lines were followed dumg the geophpcal survey B e g m g  at the north 

boundary h e ,  southem traverses wth the geophyscal instnrmcnts were made along each gnd 

traverse h e  bcamg due south and controlled by compass At each IO-fOot diwsron along the 

gnd traverse k, lllstTument redmgs were rcoMded €br total magnetkc field mtensty, magnd~~ 
gradient, vcrttcal dipole conductmty (quadrature phase) component, and verhcal dipole m-phase 
component along wth gnd traverse loamon wordmates 

To assure reproducibhty of the geophysical survey data rccofdcd by the designated EM and 
magnetrc instruments, the followmg field procedures were implemented 

A locatlon was selected in OU5 to stabhsh a gmphyscal survey control smon 
(GSCS) that was separated fiom vmble mterfaarces to the mstruments 

The area m u d  the GSCS was cleared unth each mstnrment to assure that subsurface 
staturn condltu)11s were constant wth respect to total magnetrc field and conduchwty 
(m-phasc and quadtature components) 

Total magnehc field and conductmty values were recorded wth the designated 
gnd-roving mstruments at the GSCS 

Any site changes that could affect the values at the GSCS, such as preclptation or 
snow coyer, were noted 
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A check for instrument reproducibllrty was implemented at the GSCS dunng each day 
of the geophysical survey The GSCS was reoccupied at the start of the survey, at 
midday, and at the close of the work day The measured values obmned wth the 
designated gnd-roving instruments were documented 

The data were analyzed usmg Geosoft computer software and then contoured in color to generate 

the followmg maps 

Total magnetlc field, 

0 Magnetx gradient, 

VmcaI dipole conducttvity (quadrature phase), and 

Verhcal dipole in-phase 

Conductwity and magnetx data were then interpreted using contour maps, profiles, and surface 

features maps The geophysical maps for IHSS 115 that have been included in this TM are total 

magnehc field and vemcal dipole conducbvity (quadrature phase) maps Other maps are not 
included because they offer little addihonal informaQon Results of the geophysical surveys are 

presented m Sechon 2 4 2 1 3 

The magnetometer survey conducted at IHSS 115 was evaluated for indicatlons and locabons of 

b u n d  ferromagnetx objects Such objects may be an indicatton of burxed waste, thereby 

indicatmg possible IHSS boundanes 
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Themagnebcdata(Figure2 4 2 1-1)~bitananomalougarepcentersdnearcoordlnateg2oON, 

lOOOE comadmg to the locaaon of the landfill Thrs PreJUmabay is assoctatcd wth buned 

metahc objects m the landfill The data also revd artas of Urtcrest mciudmg the Radmiogxdy 

Controlled Area (RCA) (near coordllls~tes 16ON, 40E) asoaakd unth the landfill bank slump 

where the rnetahc uraruum-238 source was idenafiad, b u n d  rnct&c objects in the wcmity of 

IHSS 196 (mrdmates 13ON, 750E), and the area over the cast half of the outfall pipe ( h d y  

extendmg from coordmatcs 300N, m 5 E  to 120N, 18OOE) A b h o l s  wrth the outfirll 

line were also i b t ~ f i e d  by the magnettc survey It 1s possible that the depth of the west end 

of the outf'lmc exccuiai the dctectmn depth of the msrgsctonreber, or that a nmd&cctabk 

concrete pipewas usedbetween them maahoQcs 

Useful data could not be a c q d  beneath the power h n e ~  due to the ovmdmg EM interference 

produced by the hnes 

The EM survey conducted at the Ongvlat Ladfill helped to characterize the landfill bouncdanes 

by conducttvlty differaces between nithve and disturbed sod The EA4 conduebvlty data (Figure 
2 4 2 1-2) e d b i t  an anomdous area of hgher conductmty (80 to 110 mdhmhos per metet 

(mmhodm)) extendmg from COOrdfnatCS 5ON to 350N and 62SE to llOOE This coinades to 
the hown location of the O n g d  Landfill 'Rus anomalous area may be attributed to the 

hgher moisture content of duturbed ground, an extenslve amount of landfill cover matenal or 

disturbed sediments, differences rn g ~ l ~  sediments, or buned conduchve metaulc obje~ts 

The large anomaly occumng m the man w o n  of the hndi2.I CQ- wth the area UI whch 

the most mtenslve magnebc anodes OCCUT and may be attnbwd m part to bund metaUtc 

ObJ eCtS 
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Cultural features dehneated by the EM survey include two buned gas pipelmes, located along 

the north and south boundaries of the Ongmal Landfill, and the conductrvity anomaly associated 

with the east end of the b u n d  metallic outfall line It is possible that the thickness of cover 

matenal along the west end of the outfall line exceeds the penetrahon depth of the EM 

instrument, or that the west end of the pipe is nonmetallic Contour maps also show parhal 

linear anomahes along the S I D  and p m a l  linear anomahes associated either wth an abandoned 

gas line and/or the overhead power lines that extend east-west along the south boundary of the 
landfill 

2 4 2 2 Sod Gas Survey 

A real-trme sod gas survey was proposed as part of the Phase I RFI/FU field invesugaaons m 
the OU5 Work Plan The purpose of this survey was to idenhfy areas of volable organic 

conminabon within IHSS 115 and IHSS 196 

2 4 2 2 1 Introductlon 

VOCs that may have been placed in this landfill include commonly-used solvents, such as TCE, 
carbon tetrachlonde, PCE, petroleum disullates, l,l,l-TCA, DCM, benzene, p n t ,  and parnt 

thinners (DOE, 1992a) 

The purpose of the soil gas survey was to prowde Phase I screenmg-level data concemlng the 

presence or absence of VOCs at the Onginal LandNl, mcludmg IHSS 196, and the disturbed 

area east of the Ongmal Landfill (DOE, 1992a) Anomalous readmgs encountered dunng the 

survey were further inveshgated by addibonal soil gas sampling Plumes of VOCs idenhfied by 
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the sod gas survey were further assddlscd by the subsequart of soil bonngs vvlthrn the 

plumes and xnstakhm of groundwater monitorulg weus duwrrgradtent of the plumes (Section 

2433) 

TM5 presented the proposed s ~ d  gas samphg kat~ons SUrB methods This memorandum 
incorporated the amiable mformabon from the JAG, the UUS Wbrk Plan (DOE, 1992a), results 
of the 1990 HPGe survey, results of the November 1992 EM rrad nragnetameter surveys, SOPS 
GT 09 and FO 03, and spc~ficat~ons supplied by the subcontractor who was to perfom the a d  

gas survey These documents, survey results, and subcontracm spufmtmns prowded the basu 
for deternurung the locanons of the soll gas aampltng sttes 

TM5 was modifid by a February 15, 1993 DCN that was fmd by the May 4, 1993 
remion of TMS The modificatm was necessary to implement a more representatwe defhbon 

of anomalous sod vapor concentrattons Previously, he &hnm of an anomalous sod vapor 

concentranon for any given analyk was that whrch was greater than three meis the detection 

linut for that analyte It was massay to develop shghtly greater reporturg hmts because the 

sensltlvity of the portable gas chromatograph was such that it was daectmg the small quanahes 

of DCM, PCE, and TCE present in the Teflon of new synnges Consequently, small 

cOnCentratlonS of vdatlle orgaruc vapors from the sod gas survey were dedected above the 

detectton hmt, however, these small concentranons &d not Becessanly mdzcate the presence of 

a subsurfin plume of VOCs 

The OU5 Work Plan spafied that sod gas sampfcs be collected on a 1OO-foot gnd over the 

Onginal Landfill and the disturbed area to the east The gnd was to be reduced to 2 5 - f ~ t  
spamg at the downgradient penrnw of the landfill, over areas of suspected bund m d h c  



EG&G ROCKY FLATS PLANT Manual 21100-W-OU05 1 
Techcal  Memorandum No 15 Section- 2 0, Draft F ' i i l  Rev 0 

Volume 2 Effective Date May 13, 1994 
Category 1 

Amended FieId Samphg Plan miv 2-25 of 2-216 

Omamtion Ennronmental Remediation Div 
e 
B 

matenals based on the EM and magnetometer surveys (Secbon 2 4 2 l), and over areas where 

volatdes are found dunng the 100-foot gnd soil gas survey This 25-foot sod gas gnd spacmg 

around the downgradient penmeter was to include at least the area between the last 100-foot gnd 

locabon w i h  the landfill area and the first 100-foot gnd locahon outside the landfill area 

Furthermore, the 25-foot soil gas gnd located over metallic matenais or volatrle plumes was to 

ConMue for at least 50 ft beyond the edge of the anomaly 

However, operabonal data from recent soil gas surveys conducted at RFP were utllized in 

wnjuncuon with a tranuent subsurface pressure distnbutlon equahon (Johnson, et al , 1990) to 

assess the radius of influence of ttus soil gas survey As presented m TM!5, a l0-foot radius of 
influence was esbmated to be acluevable under the operatmg condibons expected at the Onglnal 

Landfill A more efficient sampling plan was proposed and executed on this basis Figures 

2 4 2 2-1 through 2 4 2 2-3 (discussed in Sectlon 2 4 2 2 3) present the soil gas sample 

locauons 

The survey was performed usmg pnmary, secondary, and ternary gnds The pnmary sod gas 

survey encompassed the enhre landfill area on a 100-foot gnd, as specified in the OU5 Work 

Plan However, vmous surface features (such as RCAs), water-saturated areas, and very steep 

slopes) precluded soil gas sampling at some sites 

The downgradient penmeter of the landfill was surveyed at 40-foot intervals that compnsed a 

pnmary three-row, tnangular (equilateral) gnd Based on the 10-foot radius of influence, this 

spacmg should have provided adequate coverage with respect to vapor flow paths occumng 
perpendmlar to the survey Thls mesh of sample locabons was mtended to detect discrete 

nvulets of VOCs at the downgmhent landfill penmeter 
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In addition, the coverage of rnagnek anomah consrsaed of a seumhy 5O-foot triangular gnd 
Magnetic anomahes that were too small to be covered by such a gnd were surveyed wth a 25- 
foot gnd However, the magnem anomahes occumng along the bded outfall p ~ p e  w e ~ t  not 

included in the 50- or 25-foot gnd, because these magnc&c d e s  had been deternuad to 

be caused by the outfall pip,  not by b u n d  wastc 

The results of the pnmary and secondary sod gas surveys wcm used to asscss the locat~ons of 

sod gas anomhes Concxntmtmn anornalles were defined as t h e  greater than the reportrng 

hmt for any of the SIX andyzed amhtucnts !hi gas anomah tnggercd the dechon of 
addibonal samples on a tatmy gnd wth 20-fi spacurg The addit##.ral 20-foas samples extended 
to the fmt such -pie at whch the soil gas concerrtrahon was no longer xn the anomalous 

range A cornpanson of proposed and actual sample drletnbuhons is as follows 

1OO-foat spacing 73 74 Plus 6 dupluate samples 
(Pnmary Gfid) 

*foot spacrng 174 174 Plus 17dupkates 
(Pnmary a d )  

50-foor spaclng 
(Secondary Gnd) 

91 Plus 11 duphcaw Izlgh Waw 

table pncludbd spmplmg at 2 situ I 
Venficaaon Spmphng IO percent 25 Plur3dupltcuCr 

DCM Venficlrtroa Not propod  12 Plus 1 duplicrsb 

Not determined at ume of proposal 60 Plus 6 duplicates I bcclww depo*nt on pnrrmlliar I 20-foot spaclng 
Crerrwy Gird for anomdrcs) 

/I 343 pLus dupltcam, venficatmn, 339 Plus duplicate8 venficaaon, I aod -y c h w r  and anomaly chruer (480 torall 
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The DCM venficahon was conducted pnor to the approval of the use of repomg limits The 

venficauon appeared neceSSary due to the obsefvahon of DCM concentrahons exceeding three 

tlmes the detectlon limit (but below the reporhng limit approved by €PA and CDH) Seven sites 

exhbihng greater than three tlmes the detechon limit were resampled, as were five sites 
exhibitmg less than three tlmes the detecnon limit 

2 4 2 2 2  S 

Pnor to the sod gas survey, the soil gas sample 10CahOrIS were surveyed with a FIDLER 
Immediately pnor to sampling a locauon, the ground surface was surveyed to measure alpha and 

beta-gamma radiahon All radiological measurements were performed m accordance with SOP 
FO 16, as amended by DCN 92 05 

Soil gas samplmg methods were in accordance wth SOP GT 09 The soil gas sampling system 

included a truck-mounted hydrauhc probing apparatus and hollow steel sod probes with gas 

sampling hps A manual probing apparatus was used for samplmg sites that were inaccessible 

to the truck-mounted system 

Typically, the sod samplmg probes were pushed into the ground usmg a hydrauhc ram system 

mounted on the back of a pick-up truck However, 111 areas where the steep temn precluded 

the use of the truck, the samphng probes were hand dnven The probe is a hollow steel rod 

with a retractable t.~p allowing for the soil vapor entry into the rod This system has  the 

advantage of extrachon of soil vapor samples from discrete sod intervals without the introductxon 

of surface ax mto the hole As specified in the OU5 Work Plan (DOE, 1992a), the probes were 

set at an approxlmate depth of 5 ft Immediately subsequent to the probe installahon, the vapor 
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in the headspace of the probe was surveyed wth an orgaruc vapor meter (OVM) to mtasurc 

vapor concentratrons for both health-and-safety and uutial-tra4on assessments In ordet 

to fachtate collect~on of representatwe vapor sampks, the sample hole was purged of vapm far 

5 m u t e s  pnor to sample collectm Dunng th~s om, the pump vacuum-gauge readings w e n  

momtored to ensure that steady state! had been achieved una 5 m u t e s  The 5-minute madmg 
was converted to a vapor flowrate through the use of the pump cahbrahm curve Pnor to 

sample coIlmon, the pump was turned off (but snll m m s o  as not to introduce suIfaEt 

au into the probe headspaoe), and the vacuum readtngs were momtored untlf retumg to 

background levels At h s  time, the soil vapor m the €omat~on was amsldereb to have 
equllrbxated The samples were II#xwcTccI wth a vacuum &na smphng system amccted by 

vacuum host directly through the probe to the samphg t ~ p  The samples were coilected wrth 

a gas-Qght synnge and injected dvcctly to the gas c b m h  

For locahons requmng the handdnven probmg apparatus, tke prooedures used were the same, 

except the probes were mstakd by hand, and the vapor was purged by a hand pump The pump 
was previously cahbratui to purge 3 6 httrs for every 100 dcpmsitms of the hand t~ggcr 
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The mobile analyhcal faclllty included a Hewlett Packard 5890A gas chromatograph with a 75- 

meter megabore capdary column and simultaneous PhotoioNzabOn Detector/Electron Capture 

Detector systems Data acquisitlon was performed using a P e r h  Elmer Omega I1 cornputenzed 

data system Analyte separanon was performed by a RES= ROC 502 2 (60 meter (m) x 0 53 

milhmeter (mm)) megabore gas chromatograph column used in conjunctlon with temperature 

programmmg Power was supphed by 110-volt h e  power 

The sod gas samples were analyzed by the procedures presented m TM5 
analyzed wthm 5 hours of sample collection 

All samples were 

Analybcal results were presented in umts of micrograms per liter bg/L), the umt of 
measurement specified in EPA analyucal-methods references Conversion to percentage, parts 

per million (ppm) or parts per billion is dependent upon several factors, including the molecular 

weight of the individual compounds, a r  temperature, and au pressure Detectlon limits are a 

functlon of detector type, injectlon volume, and specific analyte response Detectlon limits for 
the listed analytes were in the sub-pg/L range and are listed below, along with the approved 

reportmg hmts 

Detection Lmt 
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As detatlod m TM5, EPA Level 11 Quality Control (QC) was prwldcd by the SOII gas sm&y 

subcontractor Level I1 QC is defined as field stxeenmghti4yhcal methods that u b b  

soptust~cated analy~cal lnst~mentarton that may be set up m a mobtle anaiybcal fiicdity TM5 

detads the procedures for instrument calibratmn, prepatam of standads, and quallty controf 

2 4 2 2 3  Results 

Field data collected for each sample include the followng 

0 

0 

0 

0 

0 

0 

0 

0 

The field 

sample Urn, 

appmxunatc ambient temperature, 

depth of sample collec~on, 

headspace orgmc vapor conccntrahons pnor to purgurg and subsequent to sampling, 

headspace methane and carbon dioxlde (not measufed at all locations), 

vacuum gage readmgs from the sod vapor extramon pump at 5,1J, and 30  second^, 
and at 1 , 2 , 3 , 4 ,  and 5 mmutes from the begmrung; of tfre purge mftrval, 

alpha and beta-garnma miatmu readmgs at the ground surfke, and 

measurememts and laboratory results are presented rn order by RFP mrdmatts m 
Appendtx 0 1 through D 3 The labomtory results are summanzed as follows 
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No of Locations 
at Which 

Maximum Concentrabon TotalNo of 
Concentration Exceeded L u C a t l O n s  

Constituent (Pg/L) Reporting Lmut Sampled* 

Benzene 0 1 1  0 339 

DCM 8 4  0 339 

l,l ,l-TCA 13 0 2 339 

Carbon 0 023 0 339 
Tetrachlonde 

TCE 28 0 9 339 

PCE 7 6  9 339 

* Does not include duplicate or venficahon samples 

Appendlx D 3 indicates more exceedances of the reportlng hmit than are presented in h s  

summary This is due to the Appendur’s inclusion of venficahon and duplicate samples, 

whereas the above summary pemns to unique locahons 

The survey resulted in the idenbficatron of three areas of anomalous concentrabons of orgmc 

compounds Figures 2 4 2 2-1 through 2 4 2 2-3 present the concentrahon isopleths for 1, 1,l- 

TCA, TCE, and PCE, the three consntuents for which WnCmtrahOnS above the reportlng limits 

were found For locahons at which more than one sample was collected (e g , duplicates and 

venficanon samples), only the highest concentrahon was used on the figures to present the most 

conservatrve scenano 
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The plume Idcnhficd as "Area A" on the figures is near the center of the landfill, east of the 

abandoned storm sewer pipehe, and approximately 80 ft north of the SID (the approxrmate 

coordmates of the center are "747,815 and E2,081,950) Two sampk locattons were obscrvad 

to extubit concentratxons above the reportrng hmt  for l,l,l-TCA and TCE The maxlmum 

concentraton of 1 , 1,l-TCA was observed to be 13 pg/L, the muurnurn concerttrabon of TCE 
was 19 p g / L  at this location (Figures 2 4 2 2-1 and 2 4 2 2-2, respavely) In Area A, no 
other COnShtuentS were found above the repomg hmt 

The plume labeled as "Area B" is west of Area A and llorth of the fanner locations of the ponds 
sevar 

locabons exiubited TCE concentfatons above the reporhng hmt, the maximum mncentrahon 
observed was 28 pg/L (Figure 2 4 2 2-2) PCE concentrations were observed above the 

reportmg hrmt at eight locatxons, the maxlmum concentratron was 7 6 pg/L (Figure 2 4 2 2-3) 

(IHSS 196) (the appmxlmate axxdmam of the center are N747,935 and E2,081,650) 

"Area C" is south of Area B (at approx~mately N747,845 and E2,081,375) PCE was detected 

at 1 2 pg/L at one sample location (Figure 2 4 2 2-3) 

Plumes of VOCs identified by the sod gas suryey were further ascssed by d n h g  sod bOMgs 

Withm the P h M S  (See SWtlon 2 4 3 3 )  a d  IXUtdhlg groundwater mONtOMg W C h  

downgdent of the plumes (see Sectlons 2 4 4 2 and 2 4 4 3) 

In July 1993 (subsequent to complehon of the soil gas swvey), a smdl-scale inmnsic atr 
permeabd~ty study was conducted in and adjacent to MSS 115 The purpose of the study was 
to assess the mtnnslc au permeabhty of the IHSS 115 area unth more preclslon than the general 

order-of-magmtude esttmam provided m charts of permeabhty versus sod type 
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The study was conducted by installmg three soil gas probes to equal depths with the truck- 

mounted system A vacuum was exerted on one probe while the gauge readmgs were monitored 

on the other two probes in relabon to elapsed bme This exemse was repeated several bmes 

to provide S t a h S b d  data The outcome was a sen= of data sets of vacuum readmg versus bme 

with which to assess horizontal permeabhty Then the depths of the two momtonng probes 

were altered and the exercise repeated so that the verhcal permeabhty could be assessed Thls 

procedure was conducted outside of the southeast pre-SID penmeter of IHSS 115, at 

approxlmate coordinates of N747,608 and E2,082,442 The procedure was repeated inside IHSS 

115, near the center, at approximate coordmates "747,824 and E2,081,496 

By manipulatmg the transient subsurface pressure dismbutlon equabon (Equation I), the intnnsic 

ar permeabhty can be calculated from the slope of the line of vacuum gauge readings versus 

the base-ten logmthm of elapsed bme readings (Equabon II) (Johnson, et al , 1990) 

(Equauon I) 

where 
P' = "gauge" pressure measured at distance r and bme t 
m = stratum thickness (3 rn) 
r = radial distance from vapor extracbon well 
k = soil permeability to sur flow (5 OxlO* to 1 52xlU' dames) 
p = viscosity of iilr (1 8x10-4 gkm-s) 
E = =-filled soil void fracbon (0 10) 
t = bme 
Q = volummetnc vapor flow rate from extracbon well (0 70 to 0 97 scfm) 
P- = ambient atrnosphenc pressure = 1 013x106 gkm-s2 
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where A is the slope of the vacuum gauge versus log-hme lmc 

The data for the intnnsc au permcabhty study and the resuhng graphs are presented rn 
Append= D 4 The average calculated mtnnstc au permeabtlrtles were 378 dames outsade 

MSS 115 and 89 darcles made IHSS 115 Accondtag to one chart of expected 
permeabht~es versus sod type (Johnson, et ai, 1990), the a u  permeablllty of clayey sods 

(whch arc expected to occur in OW) ShOuM be no greater than 0 1 h y  This chart 

indicates the calculated perrneabhbes are more r e p m e  of hgh-permeability sands or 
gravels Two posstble explana&ms of the discrepancy Wwm the expected and the 

calculated ptmeabhtles are that the soils at the test rites are not clayey or that short 

cucuitmg of the v q r  flow path occurred during the test Short cucultlltg is the drawmg of 
fresh au through the subsurfaa formatIcm from a point near the vapor extractlon well instead 
of drawing the subsurface vapors that arc further from the well Tke subsurface vapor is 

then dlluted by the fresh an, and consequently, the vapor concentmtron observed in the 

laboratory is less than the actual subsurface concentrataon Becawe the test was conducted in 

the same manner as the sod gas survey, i t  u possible that short m i t m g  occurred dumg the 
soil gas survey However, the eff- of short w m m g  may trave been mit~gated by the sod 

gas survev prooedutc of allowmg the subsurface fonnaton to equilibrate between the 5- 

minute purgrng and the collect~on of the sod gas sampie The resuits of the rntnnsic au 

permeablllty study requue further evaluatlon to determure the cause of fhe observed readrngs 
(see Secnon 3 1 of Volume 2) 

1 
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2 4 2 3 FIDLER Survey 

Several areas of IHSS 115 were surveyed with a FIDLER from March through June 1993 The 

purpose of this survey was to further deheate anomahes idenhfied by the 1990 HPGe survey 

discussed in &!Chon 2 4 1 

2 4 2 3 1 Introducuon 

As discussed 111 sechon 2 4 1, the HPGe survey of the MSS 115 area conducted 111 1990 

idenhfied ten areas of anomalous uranium-238 achwty (Figure 2 4 1-1) Due to the nature of 

the HPGe survey (1 e , it detects radiahon over a relahVely large area), it was necessary to 

perform an addihonal surface radiological survey to idenhfy the source(s) of these anomalies 

The results of ttUs survey would provide informahon necessary to direct surface soil sampling 

acuvitles (see Sechon 2 4 3 1) and to idenufy areas where it may be necessary to establish 

barners (RCAs) to prevent personnel from entenng these areas 

2 4 2 3 2 Survev Procedures 

The surface fachological surveys performed with the FIDLER at IHSS 115 were conducted in 

accordance wth SOP FO 16, as modified by DCN 93 01, and Enwonmental Management 

Radiological Guideline 6 6, as modified by DCN 93 01 These surveys were performed by 

establishing a square gnd measunng 300 ft on each side and centered on each of the HPGe 

anomahes Lmes on 4-foot spacing were slowly walked whlle slowly moving the FIDLER in 

an arcing mohon The display on the FIDLER was carefully watched dunng th~s process so as 

to observe any deflecuons from background levels If readings in excess of background were 
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detected, the survey was conlined to a smalIer area to attempt to tdentrfy the source(s) of the 

radmon detected Any anomalous areas idenufiui were also surveyed unth other field (beta- 

gamma and alpha) mstrumenmon 

Areas of radmacbvxty that exceeded the acbon levels specified m the OUS Site-Speafic Health- 

and Safety Plan ( > 2,500 counts per minute (cpm) alpha or > 50,000 cpm beta-gamma) requmd 

that personnel leave the area and contact EG&G Rad~ologid Engmcermg RadioIogmI 

Engmeenng personnel surveyed several of these anomdous areas mth portable HPGe detectors 
to detrrrmne the rad~~~sotapesprescnt and approrumate actlvrtles of these radtolsotopes Based 
on the -oris madc by Radlologlcal Engmcenng,  ne anas wmccrrdoned off as RCAS 

reqmng appropmtc approval and protecbve ctohng for entry (Figure 2 4 2 3-1) 

The FIDLER surveys of HPGe anomahes at IHSS 115 did mt udentlfy any anomalous sources 
of radlabOn at HPGe stahons C-8, C-9, D-3, P-2, W-2, W-8, and W-E1 (Figure 2 4 1-1) The 
surveys confirmed that the source of the w o n  detected at HPGe stahon SP-2 was a piece of 
metallic m a t e d  protrudmg from the landfill cover The actit where thxs matenal is expod 

was estabhshed as an RCA after the 1990 HPGe survey No odrer areas of anomalous m w t y  

were detected m the area surrounding smon SP-2 

At HPGe stabons E 7  and B-8 near the center of the landfill, the FIDLER surveys idenbfied 

nme areas of anomalous radma&wty Each of these areas was posted as an RCA (Figure 

2 4 2 3-1) The sowceof &-on m severalof theseareas wasdemmmd tobe matenalthat 

is protrudmg from the landfill surfke The rermnmg areas do not contarn specific wums of 
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radiahon but appear to encompass areas of contaminated sod or contiun small parhcles of 

radioachve matenal scattered over a relahvely large area As discussed in Sechon 2 4 3 1 ,  m 
those areas where a piece of landfilled matenal was not idenbfied as the source of the detected 

radiauon, surface soil samples were collected to charactem the contarmnahon present 

At the duechon of EG&G Radiological Engineenng, several pieces of radioactwe matenal were 

removed from these areas on May 28, 1993 durmg an emergency removal achon and placed in 

an area designated for the storage of radioacuve matenal The matenals removed consisted of 

a 4- to 6-mch diameter piece of concrete coated with a corroded metahc matenal and several 

small (1- to 2-mch diameter) sphencal pieces of rusty matenal Measurements performed by 

Radiological Engmeenng indicated that the pnnciple isotope present m these matenals was 
umum-238, although no quantIficahon of the achvlty present was provlded Dunng the 

collechon of surface soils (Sechon 2 4 3 1) several other pieces of radioachve matenal were 

removed from these areas One of these was a rod-shaped piece of matenal similar to the larger 

piece descnbed above (Figure 2 4 2 3-1) Analyses conducted by Radiological Engineenng 

determined that this rod conmned approximately 25 microcuries per gram (pCi/g) of uranium- 

238 The analyses of all of the matenals removed indicated that the uranium was depleted 

2 4 3  stage3 

Stage 3 acbvihes at IHSS 115 consisted of the COlkChOn of surface soil samples, the dnlling and 

sampling of charactenzmon bonngs, and further invesngabon of the anomalies detected by the 

sod gas survey (see Sechon 2 4 2 2) 
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2 4 3 1 Surface Sod Samphg 

The cdechon of surFace sods at IHSS 115 was spcufki m thc OU5 Work Plan The OUS 
Work Plan further specified that aTM be prepared to further define theoollectlon and analw 

of surface sods Tius secbon of TM15 describes S w e  3 swface sod sampltng actmt~es and the 

resultant analyhcal data 

2 4 3 1 1  Introduction 

The scopt of work for thestage 3 MSS 115 s w k e  mil samphg program u -bed m "hf3 

EPA and CDH approved TM3 in ajomt letter to DOE dsrted Decem& 28,1992 

TM3 proposed that surface sod samphg be cohducb#l m two phases, the fmt of whxch would 

commence unth appmal of the samphg plan by EPA and CDH Phase 1 proposed to collect 
surface sod samples from an area defined by Stage 1 rcylcw of aenal photographs and by m w  

of the 19%) HPGe radiahon survey data for IHSS 115 Phase 1 surfhce sod samphg was 

proposed to be cam& out at the same hme that Stage 2 gcophyscal m e y s  and the sod gas 

survey were bemg conducted Phase 2 surface sod samphg would be implemented if the Stage 

2 field mve&gatlons md~cated that the areal extent of the landfiil was gnatcr than the acnal 

photos and 1990 HPGe radtatlon survey indicattd 

The Stage 1 mew of a e d  photographs &M the boundary of the landfill (Sectxon 2 4 1) 

The rewad boundary also encompassed tcn radiation anomafxes thslt wtxe Ldentlfied by the 1990 

HPGe radiatlon survey Alternatrvely, the results of the Stage 2 geophysd surveys (EM and 

tnagnehc) md~catcd no change III the IaRdfU boundary (Sechon 2 4 1 1) The Stage 2 sod gas 



EG&G ROCKY FLATS PLANT Manual 211OO-WP-OU05 1 
Techmcal Memorandum No 15 Section 2 0, Draft Final Rev 0 

Volume 2 Effective Date May 13, 1994 
Category 1 

Amended Field Samphg Plan m!e 2-39 of 2-216 

Organuation Enmnmental Remediation Div 

survey idenhfied three anomalies, all of which lie wthm the redefined boundanes of the landfill 

(Secuon 2 4 2 2) Based on the results of the Stage 1 data review and Stage 2 field surveys, 
only the Phase 1 poruon of the TM3 sampling plan was required and executed 

The Phase 1 samphg program was designed to include ten biased samples from the radiatlon 
anomalies and 51 random samples collected on a gnd The samphg plan also provided for 

addihonal surface soil samples to be collected from suspected contammated areas identified by 

other ongomg inveshgauons of IHSS 115 FIDLER surveys were among the ongomg 

inveshgabons and were used to pinpornt the location of the anomalies idenhfied dunng the 1990 

HPGe radiahon survey (Secbon 2 4 2 3) As a result of the FIDLER surveys, two addifional 

surface sori samples were collected 

2 4 3 1 2  &mDh np Procedures 

Sample locahons were identified in the field by means of a compass and measunng tap, and 

with reference to the baseline surveyed for the geophysical surveys The locahon of each 

surface soil sample was staked at the hme the sample was collected The field procedures used 

to collect surface soil samples were in accordance wth the Rocky Flats (RF) Method, Secbon 

5 0 of SOP GT 08 The equipment used for surface sori samphg was based on the 
specificahons in SOP GT 08, and decontaminahon procedures were in accordance wth SOP 

FO 03 Sample labeling, shipment, and preservation were conducted according to SOP FO 13 
Sample designahons, documentahon, data package prepahon, and sample traclang were 

conducted according to SOP FO 14 
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Surface sod samples for radiolopcai and convenmal adysts were mliectd m usmg the RF 
Methad Bnefly, thls method conslsts of comptmgfive sdsampks collected b m  the center 

and each comer of a l-meter squareat each of the samplmg locatlans Shawn m Fxgure2 4 3 1-1 

Each of the five subsamples was coikctcd by dnmg a 10 by 10 by 5 ct?nhmeteT stamless steel 

samphg jig to a depth of 5 cemmeters, them a stamless steel scwp was used to extract the pg 

and appmmmately 500 cubic cenhtneters of sod l3ch subsampit was piaced mto a stamless 

steel pan and thoroughly mud m h  the other subsampla A campme sample was collected 

from the rmxed sod 

2 4 3 1 3  

Surface sod samples were collected at 66 locaaons in IHSS 115 (Fw 2 4 3 1-1) Fifty four 

of the samples were analyzed for target analyte hst PAL) metals, radmuchdes, pesuadcs, 
PCBs, SVOCs, bulk dennty, parhcle SUR, s p f i c  conduehmty, e n a t e ,  pH and total orgamc 

carbon (TOC) Twelve of the samples were collected at HPGe and/or FIDLER anomah and 
were analyzed only for radiologtcal. parameters Two sediment samples were also collected from 
seeps 111 IHSS 115 and were analyzed for radmuchdes, TAL metals, pcshcides, PCBs, SVoCs, 

and VOCs These two samples were taken from seeps assoctatcd wth well pomts from w k h  

groundwater was also sampled (see Secaon 2 4 4 2) The analybcal results adable as of 
January 28, 1994 for surfact sod and sediment samples arc drscussed below A Summary of 

analyses excadurg BUTLs is pvm in Table 2 4 3 l-la for surhcc d s  and Table 2 4 3 1-lb 

for the seep -mat  samples 

Metals BUTLs were exceeded m 13 of 54 s m p h  for copper, five of 40 samples for zmc, and 

one of 34 samples for lead Two of 43 soil simples also exceeded the mmmum background 

143 
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concentrahon for sdver 

Locattons where BUTLs for metals were exceeded are shown on Figure 2 4 3 1-2 
One sediment sample exhbited anhmony greater than the BUTL 

Radi- Results for five of the 12 surface sod samples coilezted from HPGe anomahes 

have been reported by the laboratones, and all five exhbited radioactivity exceedmg BUTLs 

Umum-233/234, umum-235, and uranium-238 exceeded the BUTLs m all five samples, 

plutonium-239/240 exceeded the BUTL in two of the samples, and amencium-241 exceeded the 

BUTL in one sample Sample locattons where BUTLs were exceeded are shown in Figure 

2 4 3 1-3 Results for seven of the 12 samples collected from HPGe anomahes have not been 
received These samples displayed anomalous levels of radntion on field mstmments Some 

of these samples were also analyzed by EG&G Radiological Engmeenng using a portable HPGe 

detector These analyses indicated that uranium-238 is the pnncipal radionuclide present 

Eight of the 54 random surface soil samples exhibited radionuclide achvity exceeding the BUTL 

Umum-233/234 exceeded the BUTL in three of the samples, umum-235 in one of the 

samples, umum-238 in all eight of the samples, plutoruum-239/240 in two of the samples, and 

amencium-241 m one sample The countrng error for six of these samples was significant in 

that the result mnus the counhng error yields an error compensated result below the BUTL 

Neither of the two sediment samples from IHSS 115 conwed radionuchdes with acbvity greater 

than the BUTL The sample locaaons where BUTLs for radionuchdes were exceeded are shown 

in Figure 2 4 3 1-3 

Pesncides and Po lychlonnated BiDhenvls (PCBs) Nine surface sod samples (49 to 53 acceptable 

analyses were reported) exhibit detectable concentrahons of peshcides or PCBs (Table 

2 4 3 1-la) fight of the samples contam detectable concentrahons of the PCB aroclor 1254, 
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one sample m w s  detectable co~xntratlons of a l b ,  heptachlor epoxide, d~cldnn, 4,4’-DDT, 

methoxychlor and endnn ketone, and one sample contzllls en*- sedunent samples 

did not cuntitln detectable mcentratmns of pestmdes and PCBs Sample locatmns wherc tkst 

compounds were detected are shown in Figure 2 4 3 1-4 

Sem-V- Numerous SVOCs were $eta%& M 44 surface sod samples 

(19 to 52 acceptable analyses wen! reported, Table 2 4 3 1-la) The two sediment samples 
contamed detectable concentxahons of sen-volable compounds Both samples contam 

phenanthrene, flourantheae, and pyrtne, and one sample also amtauns benzo(a)anWame, 

chryscne, and bu(2-ethylhcxyl)phthaW (Table 2 4 3 1-lb) F w  2 4 3 1-5 gives the locatsans 

of these samples 

vo- One sediment sample contamed the VOC PCE at a concentratton 
below the detectmn hmt, but the data vdidahon process concluded the result should be mcluded 
in the data set (Table 2 4 3 1-lb) 

General Surfkc sorl samples cdlected M MSS 115 were analyzed for bulk 

denslty, parttcle me, speclfic conductmy, cabmate, pH and TOC These parameters were 

requested by EG&G nsk assessment staff for use m the nsk assessment and wll pnnnde 
infombon pesanent to au transport modehg and contammant mobrfrty Analfical results for 

specrfic conducthty, carbonate, pH, and TOC are mcluded m Appendu. B 6 Results for bulk 

denslty and parhcle sue are mcluded m Append= E 

d 



EG&G ROCKY FLATS PLANT Manual 211W-WP-OU05 1 
Techmcal Memorandum No 15 SeCtlOU 2 0, Draft Fmal Rev 0 

Volume 2 Effective Date May 13, 1994 
Amended Field Samphg Plan page 2-43 of 2-216 

Category 1 Orgamzation Enwonmental Remedktion- Div 

2 4 3 2 Charactemahon Bonngs 

Sod bonngs were installed in IHSS 115 for subsurface charactenzahon purposes as part of the 

OU5 Phase I RFVRI These bonngs were located rn IHSS 196 and in the disturbed area east of 
the landfill (Figure 2 4 3 2-1) in accordance with the OU5 Work Plan (DOE, 1992a) 

2 4 3 2 1  Jntrod- 

The sod bonng program proposed 111 the OU5 Work Plan rncluded d n b g  eight bonngs, plus 

a maxlmum of nine addihonal bonngs to be placed whn plumes idenhfied by the sod gas 

survey Sechon 2 4 3 3 will discuss the soil bonngs installed withln the plumes Of the eight 

bonngs, six were mstalled in the disturbed area east of the landfill, and the remaning two were 

located in IHSS 196, near the locahons proposed in the OU5 Work Plan (Figure 2 4 3 2-1) 

Their exact locations were chosen with the a d  of photographic analysis (Sechon 2 4 1) and the 
results of the geophysical studies (Secbon 2 4 2 1) 

2 4 3 2 2 Dnlhne and b p l i  ne Procedu res 

Hollow-stem augers were used for advancing the boreholes using the techniques descnbed in 

SOP GT 02 Samples were collected with a spht-spoon sampler Once the dnve sampler was 

removed from the borehole and opened, its contents were scanned with an alpha probe and a 

bedgamma probe to detect radioacavity, and an OVM to detect VOCs The amount of 

recovered core was then measured, examined wsually for the presence of waste matenal, and 

the lithology was then logged and classified 
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Sod samples were collected contmwsly from ground surfkce to tho first bedrock interval 

Discrete samples were coile!cted m 3-urch stamless stecl Imccrs from every 2-foot mtcrval and 

analyzed for tox~c compound hst (TCL) VOCs In addmon, 6-fod C O ~ P O S ~ ~ ~  samples were 

collected and analyzed for TCL SVWs, TAL metals, total uranium, pl~tontum, amenmum, 
gross alpha, and gross beta, as sptcltied m the OUS Work Plan W E ,  1992a) In order 

obtatn these composite core samp€es, the Tdcoveral core was placed m a safe locabon, out of 

direct sunltght, untd three consecutive 24-mch, or four cdns~cutrvc 18-mch samples, totahg the 

requlred 6 ft, were collected Sod samples were then collected Erom the recovefed core, rmxed 

mto a 6-foot c o m p t e ,  and placed in appropna!~ ummmcrs for hbon&ny analps acamhng 

to SOP FO 13 

In addihon to the discrete samples and the &foot cumpostc s~mples, seven sod samples weit 

collected for geotechnical(1 e , gram size) analyses, as st~puIated rn the OUS Work Plan (DOE, 

1992a) 

2 4 3 2 3  

The Complttcd soll bonng program for IHSS 115 mlucied the mstaht~tm of eght sod bomgs 

(Figure 2 4 3 2-1) The bonngs were dnlled 6 ft into weatheztd bedrock, wth the exceptton 

of bonng 50493 BoMg 50493, locared m the surface drsturbpnce egst of the landfill, 
encountered a sandy interval fiom appmmatdy 2 7 to 9 ft beiaw the mp of bedrock As a 
result, tlus bonng was dded 12 ft into weathered bedrock 

The recoveTed core was vlzwally loggad as the bolehales were advanced and later more closely 
exarmned and classified utllrzrng ueves and other equpment at a destgnated loggmg faty, as 
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requued m SOP GT 01 The results of this effort lndicated that the alluwal matenal encountered 

in the boreholes along the top of the ndge in the surface disturbance (50392,50492, and 50592) 

ranged from approximately 24 to 27 ft ttuck (Figure 2 4 3 2-2) The bedrock encountered 111 

boreholes 50392 and 50592 was claystone and sdty claystone, respectwely Borehole 504% 

encountered clayey sdtstone bedrock at an approxlrnate depth of 27 ft At 31 ft, the clayey 

siltstone graded to clayey sandstone interbedded with layers of clayey siltstone, silty sandstone, 

sandy sdtstone, and sdty claystone to the total depth of the borehole (Figure 2 4 3 2-2) 

The boreholes located at the bottom of the ndge m the surface Qsturbance (50692,50792, and 

50892), encountered alluvral matenal with thxknesses rangmg from approxlmately 7 5 to 15 ft 

(Figure 2 4 3 2-3) In addihon, borehole 50692 encountered groundwater at a depth of 
approximately 5 5 ft The bedrock encountered in these four boreholes consisted of claystone 

Two boreholes, 50992 and 51092, were dnlled m the area of IHSS 196 to depths of 12 5 and 

6 2 ft, respectwely Both boreholes encountered alluvlal matenal in combinauon with 

anthropogenic waste matenals, including glass, c e m c ,  shmgles, nals, metal cumngs, and 

graphite The bedrock encountered in these two boreholes was descnbed as sandy claystone and 

sandy siltstone, respectwely (Figure 2 4 3 2-4) 

Sod samples were collected for geotezhcal analysis from each of the boreholes in IHSS 115, 

except borehole 5059 Appendu E (Figures El through E8) presents the results of these 

analyses Figures El through E5 present the results of the geotechnical samples collected from 
the boreholes dnlled in the surface disturbance east of the landfill, and Figures E6 and E7 show 

the results for those collected from the two boreholes 111 IHSS 196 All of the samples collected 

from these boreholes have been classified as either sdty sanddclayey sands (SMISC) or silty 
I 
I 
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graveldclayey gravels (GWGC) uslng the Uxufied Soli Classtficaaon System (USCS) More 

specific c W a o n s  could not be idenhfied because the US43 docrs not p m d e  a &m!$um 

between sdts and clays from gram s~ze analyses 

As shown on Figure E8 the plots of the results of the s;mpiet couccted from boreholes 50492, 

50692,50792, and 50892 are very slmtlar, mdacatmg that fhe matend m tlus area is fauly 

u m f m  The frachon of the sample (exprwsed as a pclant) that IS reamed by the #4 awe u 

classified as gravel usng the USCS Gravel perocntages were 35 1,38 2,26 9, and 29 7 The 

W o n  of sample pesscd through the #4 sewe but retamed by theiliY200 w e  u classfkl as 

sand umg the USCS Sand percentages wae 38 7,30 2,318, and 26 3 ?%e afthe 

sample that passed the 101200 Steve IS classlfiad usmg the USCS as sllt or clay Sdtklay 

percentages were 26 2, 34 2, 41 3, and 44 Upon t x a r m ~ ~ t t o n  of these results, the surficlal 
matend rn h s  area appeared to be well graded and favly Worm 

The results of the gram szc analysis of the sample o o k t a d  from borehole 50392 was slightly 

different from the above borehole samples (Figures El and E8) Aithough tlus sample has been 

classfied as GWGC u m g  the USCS, it IS much coarser than the above samples The sample 
was composed of 75 percent gravel (retamed by the #4 sieve), while only 1 1  2 percent of the 

sample was sllt/clay (passed through the 1y200 sxwe) 

Both of the sampies from the boreholes located m the IHSS 196 area (50992 and 51092) show 

a fauly uruform gram SUR dutnbutlon (1 e ,  they am well puled) Gravel percentages were 

32 7 for 50992 and 24 3 for 51092 Sand pcentsges wtte 44 2 and 28 9, fespecQvdy 

SWclay percentages were: 23 1 and 463, respectlvety 
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Dunng the dnllmg of these boreholes, field momtonng was conducted on the core The 

monitonng results from the O W ,  the alpha and bedgamma probes, and radianon smears were 
at or all below background levels 

Analfical results of the conshtuents detected at ConCentratlOnS exceedlng BUTLs from the sod 

samples collected from boreholes 50392 through 51092 are presented on Table 2 4 3 2-1 The 

a n a l y t d  results mciude TAL metals, radionuclides, pestmdes, PCBs, SVOCs, and VOCs 

Met& As presented on Table 2 4 3 2-1 and on Figure 2 4 3 2-5, the metals analyses resulted 
in the demon of five conshtuents (banum, copper, lead, manganese, and mc) at 

COncentrat lonS exceedmg BUTLs A total of 28 acceptable analyses for all metals except lead 
were performed There are 13 acceptable analyses of lead One sample collected from borehole 

50592 at 12 to 18 ft conmned banum and manganese concentrahons (387 and 1540 milhgrams 

per lulogram (mg/kg), respectwely) exceeding BUTLs One sample collected from borehole 

50692 at 0 to 6 ft conmed a mc concentrauon (157 mg/kg) exceedtng BUTLs One sample 

collected from borehole 50992 at a depth of 0 to 6 ft contamed copper and lead concentrahons 

(65 7 and 99 5 mg/kg, reSpeChVely) exceeding BUTLs Although these results are greater than 

BUTLs, all of the concentrabons reported are withln the background range with the excephon 

of the lead result from the soil sample collected from borehole 50992 

Table 2 4 3 2-1 indicates that two samples contamed copper and zinc concentrabons exceeding 

BUTLs The previous paragraph discusses an occurrence of greater than background 

concentrauons of each of these metals The second copper and zinc concentrabons detected 

exceedmg BUTLs were from a drum composite sod sample from borehole 50992 This soil 

sample represented a depth of 0 to 19 ft 
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As shown OR Table 2 4 3 2-1 and Figure 2 4 3 2-6, the ntclxologrcal d y s a  

mdicated that four of 28 samples (from bordwics 50492, 50692, and 50992) mtamd 

plutonium-239/240 concentrabons exceedrng the BUTL, two of 28 samples (from boreholeJ 

50692 and 50992) contamed amenaum-241 concentrations excecdmg the BUTL, and one of 28 
samples (from borehole 50692) hamg urrmum-238 conmmons cxceedmg the BUTL (Figure 

2 4 3 2-6) These samples were collected from a depth of 0 to 6 ft, wth the exceptm of one 

sample that was collectmi from a depth of 6 to 12 ft m borehole 50692 The sod m p k  
collected from borehole 50692 at 6 to 12 ft resuited m a plutoruum-239/240 concentration equal 

to the manmum background conccntratmn Therefore, it appuvs that all of the radmiqgxal 

c o n m o n  dttected cxeecdmg maximum badground concu~tratmas is m the upper 6 ft of 
alluwum Also, the urnurn-238 detected m bopehole 50692 was wsthm the range of 

background conccntratms 

The summary presented on Table 2 4 3 2-1 also lncludes the results of a drum composite sample 

(BHS0089AS) The analysis of thts sample detected a plutoruum-239/240 concentration (0 049 

pCi/g) exceeding the BUTL 

dtcr and Po- (PCBQ The labaratMy analyses performed on the sod 

samples collected from the suTEace d~sturbance cast of the ladfill did not detect any pestlcldes 

or PCBs The labaratary analyses performed on the soli s m p h  collected from MSS 1% 

resulted m the detechon of aroclor-1254, aroclor-1260, and alpha-BHC Aroclor-1254 and 

mlor-1260 were detected 1c1 a sod sample collected from borehole 50992 from a depth of 0 

to 6 ft These compounds werc detected at conccnmtmns of 600 and 910 pg/kg, respectrvely 
(detection hmt = 160 pglkg) Also, at borehole 50992, aroclor-1254, arocior-1260, and alpha- 

BHC were detected in the sod sample collected from a depth of 6 to 12 ft These compounds 
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were found at concentrahons of 320, 450, and 870 pg/kg, respechvely Also, a drum 

charactemahon sod sample, represenhng depths ranglng from 0 to 19 ft, conwed aroclor-1254 

and aroclor-1260 at concentrahons of 870 and 1,300 pg/kg, respecttvely 

One sod sample collected from borehole 5 1092 detected only aroclor-1254 at a concentrabon of 

500 pg/kg Also, a drum charactemahon sod sample, representmg depths rangmg from 0 to 
12 ft, detected aroclor-1254 at a concentrabon of 240 pg/kg 

Serm -vo- A vanety of sem-volatde constituents were detected ln 

samples from these boreholes (Table 2 4 3 2-1) Benzoic aad was detected at a concentrabon 
less than the demon hmt (rangmg from 190 to 480 pg/kg) in four samples rangmg in depth 

from 6 to 30 ft in borehole 50392 Also, pentachlorophenol was detected in one soil sample 

from borehole 50392 at a depth of 6 to 12 ft Thls conshtuent was detected at a concentrahon 

of 160 pg/kg, which is also below the detechon limit 

The results from the soil samples collected at borehole 50492 lndicated the presence of 

benzo(a)anthrame, benzo@)fluoranthene, bu(2ethylhe~yl)phthaIate~ chrysene, fluoranthene, 
phenanthrene, phenol, and pyrene These constituents were all detected in a soil sample 

collected from a depth of 0 to 6 ft, with the excephon of bis(2ethylhexyl)phthalate and phenol 

Bis(2-ethylhexyl)phthalate and phenol were detected rn a sod sample collected from a depth of 
30 to 38 ft These conshtuents were all detected at concentrahons below the detecuon limit 

withm the range of 60 to 310 pg/kg 

The results from the sod samples collected at borehole 50692 indicated the presence of 

benzo(a)anthracene, benzo(a)pyrene, benzo(b)fluoranthene, bis(2-ethylhexyl)phthdate, chrysene, ! 

I 
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fluoranthene, and pyrene These constltucnts wcrc all daectcd Ur a soli sample collect#t from 
a depth of 0 to 6 fi, d the eJtccpbon of 1 bis(2&ylhexyl)ph~ whch was detected m a 

soil sample collected from a depth of 6 to 12 A These ccmstatu~ were all detected at 

concentrations below the demon l m t  wthm the range of 44 to 81 ccg/kg 

The analyss of dte sod samples collected at borehole 50892 mdicated the presence of benzoic 

acid Ttus cmshtrrart was detected m all of the samples coilcctai fipm QgHhs of 0 to 18 ft at 

concentraaons less than the detectron hmt The concentrations of benzoic acld ranged from 110 

to 214 pg/@ 

The results from the sod samples collected at borehde 50992 lndlcated the pmence of a large 
number of SVOCs (Table 2 4 3 2-1) These compounds were detected m sorl samples collected 
from depths of 0 to 6 ft and 6 to 12 ft A number of these coctscItuents were detected at 

concentrahons above and below the d e m o n  hmt Also, a drum chamctcmabon soil sample, 

representmg depths rangmg from 0 to 19 fi, was mcluded as part of th~s data set Th~s sod 

sample also detected a n u m b  of SVOCs 

The analysls of sod sampks colktai at borchde 51092 also mdxated the presence of a large 

number of SVOCs These compounds however were only dctccted m sod samples collected 
from a depth of 0 to 6 ft Four of these results wcre at c0rumt.m.m~ less than the detectm 

lirmt, and the remauung results were at concentrations exceadutg the detectton lirmt Also, a 

drum charactenzatm sod sample, representmg depths rangurg from 0 to 12 ft, is included as 

part of the data set presented on Table 2 4 3 2-1 ‘XIUS sample also contamed a number of 

detectable SVOCs 
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-e Orgaruc Comtm@ Table 2 4 3 2-1 presents the VOCs that were present in detectable 

concentrahons These compounds are TCE, toluene, methylene chlonde, PCE, 2-butanone, and 

acetone 

TCE was detected m boreholes 50392, 50692, and 50892 at concentrahons below the detecbon 

limit 

o were at concentrahons below the detechon linut The remammg 41 results were wthm a 
concentrahon range of 7 to 220 micrograms per hlogram (pg/kg), with the highest concentrauon 

bemg detected at borehole 50892 at a depth of 12 ft The detectlon of toluene in soil samples 
has been a prevalent occurrence at RFP wthin the last year A study conducted under OU6 

RFYRI mdicated that the tape bemg used to seal the sample sleeves contams relauvely high 

toluene concentrahons and might be the source of the toluene detected 

I Toluene was detected m boreholes 50392 through 51092 Nme of the f i f t y  toluene results 

Methylene chlonde was detected at boreholes 50392 and 50492 Eleven of the 16 methylene 

chlonde results were at concentratlons below the detecaon hmit The remumg five results 

were detected withm a concentraQon range of 9 to 38 pg/kg, with the highest concentrabon 

being detected at borehole 50492 at a depth of 24 ft 

PCE was detected in boreholes 50392,50892 and 50992 The two PCE results detected in soil 

samples collected from boreholes 50392 and 50892 were at concentrabons below the detectlon 
limit The two PCE results detected in soil samples collected from borehole 50992 were! at 
concentrahons of 6 and 9 pg/kg at depths of 4 5 and 2 fi, respectively 
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2-butanone was detected only from sod samples collected fkom barehole 50592 The three 

results detected were at concentrattons of 14,17, and 69 pg/kg, at depths of 24,26, and 28 ft, 
respechvely 

Acetom was also detected from sod samples collected from borehole 50692 The fie results 

detected were wtthrn a conantiation range of 19 to 37 pglkg, at depths rangmg from 2 to 16 

fi 

Sectlon 2 4 2 2 of thsTMprescntsthertsultsof thesod gassurvey at IHSS 115 Th~ssectm 
discusses the additwnal acbVihes conducted to further investtgate the a r t o d e s  idenhfied by the 

sod gas sumey 

2 4 3 3 1  

Sectlon 7 2 1 of the OUS Work Plan (DOE, 1992a) mfied tha, thne boreholes be placed at 

no more than three areas where plumes were idenhfid by the sod-gas survey The OUS Work 

Plan (DOE, 1992a) fwther spclclfied that at each pIume area, one borehole would be placed at 
the pomt of the kghcst sod gas rcadmg, and two boreholes would be placed downdope of that 

pomt wthm the plume Although Table 7-1 of the OU5 Worlc Plan @E, 1992a) also impW 

that groundwater morutonng wells be mstalled untiun the borclmk drilled at the tughest mdmg 

withm the plume, the text m Sectlon 7 2 1 did not clearly specify the locat~ons of these wells 

Therefore, a samphg plan for the soil-gas anomah, conssang of four bomgs and two “mmi- 
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wells," was developed based on the findings of the sod-gas survey ThIs plan was detaded m 
a letter dated May 28, 1993 (Appendix A) 

The soil-gas survey consisted of approximately 340 sod-gas points and resulted in the 

idenhficahon of three areas of anomalous concentrahons of orgamc compounds The first 

plume, idenhfied as Area A (Figure 2 4 3 3-1), has a surface extent of apprommateiy 2,500 

square ft and is located near the center of the landfill, just east of the abandoned storm sewer 
pipehe, and appmumately 80 ft north of the SID The consutuents detected in this area were 

1 , 1, 1-TCA and TCE at peak ConCentrahonS of 13 pg/L for both orgmc compounds Th~s area 

was not accessible by a truck-mounted d n l h g  ng, therefore, a hydrauhc ng mounted on an all- 

t e r n  vehicle was employed This vehicle was used to install two 0 5-mch insidediameter (ID) 

polyvinyl chlonde (PVC)-cased wells (60993 and 61093) w i h  and downgradient of this plume 

(Figure 2 4 3 3-1) and to collect soil samples from the boreholes of these wells 

The second plume, idenhfied as Area B (Figure 2 4 3 3-1), has a surface extent of 

approximately 4,100 square ft and is located west of Area A near the locahon of IHSS 196 
PCE and TCE were detected at this locabon at peak concentrahons of 7 6 and 28 pg/L, 

respectwely Three bonngs, 58393, 58493, and 58593, were installed within this plume at 

bcahons where the hlghest sod gas readings were taken (Figure 2 4 3 3-1) 

The thud plume, idenbfied as Area C (Figure 2 4 3 3-l), has a surface extent of approxlmately 

460 square ft and is located southwest of Area B near the locahon of MSS 196 PCE was 

detected wthm thls area at a peak concentrahon of 1 2 pg/L Only one boMg, 58693, was 

installed at thts loahon due to the relatively small sue of the plume This bonng was installed 

at the locanon of the highest soil gas readmg (Figure 2 4 3 3-1) Groundwater was encountered 
I 

1 
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at thls bonng at appmxmately 12 ft The Hydropwrch If@ oare-trme groundwater samphg 

system was used to collect a sample of the groundwater 

2 4 3 3 2  

Hollow-stem augers wefe used for dvancmg the boreholes wurg the technques described m 
SOP GT 02 Samples were COIlected wth a spht-spoon sampler Ona the dnve samples was 

removed from the borehole and opened, its contents were scanned wth an alpha and Wgamma 

probe to detect ladloactlw~, andan OVM tonrzn?t vm The araouat o f r a c o v e r r d ~ w a s  

then measurad, exarrrmcd VlsUIuy for the preser#x of WWe matcnai, urd the llthobgy was 

logged and classtfied 

Sod samples were cokted contmuously from ground surface to the first bedrock interval 
Discrete samples were collected m 3-mch stamless steel hers from every 2-foot interval and 

analyzed for TCL VOCs Sm-foot composrte samples were collected and analyzed for TAL 

metals, TCL SVOCs, total m u m ,  plutoruum, amenclum, gross alpha, and gross beta In 

order to &tam these compoatc core samples, the rccovercd core was placed m a safe locatton, 

out of dmct sunhght, untd three comecutwe %-inch, or four co~~sccutwc l&mch sun*, 

totahg the qumd 6 ft, were collected Sod samples were then colleckd from the recovend 
core, med mto a &foot compose, and placed m appmpmm containers for laboratory analysts 

accordmg to SOP FO 13 

In additm to the dtscr~le samples and the 6-foot compantc samples, 2-foot composite samples 
were collected from the top 2 fi of boreholes 58493, 58593, and 58693 to be used m the 
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ecological assessment study These samples were analyzed for the same conshtuents as listed 

above, with the exceptlon of VOCs 

As discussed in the prewous sectlon, a one-hme groundwater sample was collected from 

borehole 58693 This sample was collected using the Hydropunch Il? groundwater sampler m 
accordance with DCN 93 03 to SOP G W  06 This groundwater sample was analyzed for gross 

alpha, gross beta, total uraruum, TAL metals, and VOCs In additlon, pH, specific 

conductance, temperature, and dissolved oxygen were measured in the field at the hme of sample 

collecbon m accordance wth SOP G W  05 

Mini-wells 60993 and 61093, located in plume A, were installed after hydraulically dnving a 

Kansas Sampler (a sohd core barrel) into the sod in accordance with DCN 93 03 to SOP GT 02 
With this techque, soil samples were collected m a stamless steel h e r  located inside the 

barrel Once the core barrel was removed from the borehole and the sod was extracted, the soil 

was scanned with an alpha probe, a bedgamma probe, and an O W ,  and the amount of 

recovery was measured 

Sod samples were coliected from ground surface to the first bedrock mterval Discrete samples 

were collected in b inch  smnless steel hers from every 2-foot mterval above bedrock and 

analyzed for TCL VOCs Six-foot composite samples were also collected, in the same manner 

as descnbed in Sectlon 2 4 3 3 2, and analyzed for TAL metals, TCL SVOCs, total uranium, 
plutonium, amencium, gross alpha, and gross beta 
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Followng the completion of the bonngs, 0 5-mch ID PVC wells werc ulstaued m accordance 
wth DCN 93 to SOP GT 06 These weils were amstrued msde a 1-3/8-mch open h d e  The 
bottom of the screened mtervals were located appmxmately 4 ft M o w  the bedrock contact 
Well 60993 was mstalled with a 5-foot screen and well 61093 was mstalled wth a 10-foot screen 
(Figure 2 4 3 3-2) Shca sand was mstailed wthm the annulus between the borehole and the 
screen from the bottom of the bonng to approximately 2 ft above the top of the sxcened 

intend Each well was then completed by Nlurg the remammg annulus wt$r mcrete, mstalhg 
a steel, lockmg, protemve caging, and constnmmg a 3- by 3-foot concrete pad around the 

protectlve camg 

Well 60993 was dry Well 61093 was devdopedand sampled rn accordance wth SOP GW 05 

and SOP GW 06 The results of the analysis of the samples from well 61093 are presented in 

Swoon 2 4 4 2 

A well point, 60893, was also mstalled neat borehole 58693 This well p t  was sampled once, 
and water levels were mursmd m ttus well pornt for swml month follamg its lnstallatton 
A n a l p a l  results for the gmndwatcr sample from ttus well porn axe discussed 1 ~ 1  Sectton 

2 4 4 2  

2 4 3 3 4  Results 

The completed sod bonng program for the uwes~gatmn of the soll gas anomahes included the 

mstaUabon of four sod bonngs (58393, 58493,58593, and 58693) and two mm-wells (60993 

and 61093) in accordance wth the samphg plan for the =&gas anom- (EG&G, 19934) 
(Figure 2 4 3 3-1) Boreholes 58493 and 58593 were dnllcd a -mum of 5 ft mto weathered 
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bedrock as proposed in the OU5 Work Plan (DOE, 1992a) Boreholes 58393 and 58693 were 
only dnlled 4 ft into bedrock, because the spht-spoon sampler had reached refusal (greater than 

100 blowcounts per 6 inches) The mini-wells installed m Area A penetrated 4 ft into bedrock 

The recovered core from boreholes 58393 - 58693 was vlsually logged as the boreholes were 

advanced m accordance with SOP GT 01 It was later more closely exanuned and classified 

utduing sieves and other equipment at a designated loggmg factllty as requlred in SOP GT 01 

The results of this effort indicated that bedrock consishng of claystone was encountered in the 

boreholes at depths rangmg from 9 4 to 27 ft (Figure 2 4 3 3-2) The matenal above bedrock 

appeared to be alluwal matenal interbedded wlth landfill debns The landfill debns occurred 

in a zone rangrng from 0 to 2 5 ft to depths of approximately 8 5 to 15 5 ft in boreholes 58393, 

58493, and 58693 Borehole 58593 encountered alluvial matenal with landfill debns occurring 

from a depth of approximately 3 to 4 ft and then agam from a depth of from approximately 6 

to 6 5 ft 

The boreholes dnlled for the mini-wells (60993 and 61093) encountered bedrock consishng of 
claystone at 5 5 and 9 ft, respectlvely Since all core was requlred for analytical samples, core 

from these boreholes was logged only m the field The alluvlal matenal, consistlng of Rocky 

Flats Alluvium, contamed no landfill debns (Figure 2 4 3 3-3) 

Dunng the dnlhng of these boreholes and wells, field monitonng, as descnbed in the previous 

sectlon, was conducted on the core The monitonng results from the OVM, the alpha and 

betidgamma probes, and radiahon smears were below background levels at all locations except 

borehole 58393 At borehole 58393, the O W  readings were 1 ppm from the soil in the interval 

from 2 to 4 ft, and 3 ppm from the soil in the interval from a depth of 4 to 6 fi 
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A n a l m  results of the constltucats detected at amcentrattons exceedmg BUTLs from the sud 

samples collected fiom boreholes 58393,58493,58593, and 58693, and mm-wells 60993 and 

61093 are prwentod on Table 2 4 3 3 - 1  The anal- results uzclude TAL metals, 
radionuchdes, pestmdes, PCBs, SVOCs, and VOCs 

&&& As presented on Table 2 4 3 3-1 and shown on Figure 2 4 3 2-5, the metals analyses 

resulted m the detectxon of aght cunatuents (cadmum, ciuomurn, copper, iron, lead, 
molybdenum, ruckel, and mc) havmg wncenmtmns exceedrag BUTLs Cadrmum was detected 
m two of 17 samples, w k h  were collected at depths of0 to 6 ft and 6 to 12 A from borehob 

58593 and 58493, mpcctwely The d y t d  resuits fiw these samples lndtcated COILcentrahans 

that are wthm the background range of c o n c e n m s  

Chromium was detected m two of 17 samples at a depth of 6 to 12 ft from boreholes 58393 and 

58493 The results for these samples indicated concen~hons wthm the background range of 

concentrabons 

Five of 17 samples contained copper concenWons exceedmg the BUTL but within the 
background range of concentrations Two samples contam& copper concentrations greater than 
the maxlmum background concentrahm at levels of 361 and 749 mg/kg These results were 

from sod sampieS collected fiom boreholes 58393 and 58493, respmvely, at a depth of 6 to 
12 ft 

Iron was detected m o= of 17 samples at a concentabon of 49,500 mg/kg, which exceeds both 
the BUTL and the -mum background cuncentratron Thls sample was collected from 
borehole 58693 at a depth of 6 to 12 ft 
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Lead was detected m one of 3 samples at a concentraaon of 80 2 mg/kg, wtuch exceeds both 

the BUTL and the maxlmum background concentrahon l h s  sample was collected from 
borehole 58593 at a depth of 0 to 6 fi 

Molybdenum was detected in one of 16 analyses at a concentrahon of 190 mg/kg, which exceeds 

both the BUTL and the maxlmum background concenaaaon This sample was collected from 

borehole 58493 at a depth of 6 to 12 ft 

Nickel was detected m three of 17 analyses at a depth 6 to 12 ft from boreholes 58393, 58493, 

and 61093 The andyad results for these samples mddicated concentrabons w h n  the 

background range of concentrahons 

Four of 17 analyses indicated zinc concentrahons greater than the BUTL but within the range 
of background concentrauons Two analyses detected zmc at concentrahons exceeding the 

maxlmum background concentrahons at levels of 502 and 648 mg/kg These results were from 

soil samples collected from boreholes 58493 and 58393, respecttvely, at a depth of 6 to 12 ft 

In summary, copper, iron, lead, molybdenum, and nnc were the only conshtuents that exceeded 

both BUTLs and maxlmum background concentrahons The concentrahons of these consutuents 

were w i h  the same order of magnitude as the maxlmum background concentrahons, and as 

such, they do not appear to be at exceedingly high concentrahons Also, these constltuents were 

found at the depth of 6 to 12 ft, with the excephon of lead, which was found at a depth of 0 to 

6 ft (Figure 2 4 3 2-5) 
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&&Qg&l& As shown on Table 2 4 3 3-1 andm Flgure 2 4 3 2-6,13 samplu from these 

boreholes were analyzed for radmwddes The radiologrcal d y s e s  ~ d e n ~ e d  seven sampltrs 
( h m  boreholes 58393, 58493, 58593, and 58693) hamg pl~m-239/240 concentrabons 

exceeding the BUTL wth concenmons rangmg from 0 053 bo 3 2 pCdg Three samples 
(collected from boreholes 58393 and 58493) had amenaum-241 CuncaWahonS exceedtng the 

BUTL, rangmg from 0 023 to 0 46 pCdg Four samples front btwdmh 58393, 58493, and 

58693 had uraruum-235 and urullum-238 conantnrtlons excecbg BuTts, mgmg €tom 0 21 
to 2 3 pCdg and 1 8 to 12 pCdg, respechvely Three samples fkom bo&&s 58393 and 58493 
had ma~uurn-233/234 co11oeRtfBtons cxceedmg the BUTL, ransuyt ffum 9 1 to 30 pCdg 

As shown on Figure 2 4 3 2-6, all of these samples were c o l l d  from depths of 0 to 6 ft and 

6 to 12 ft, wth the exception of two samples that were collected from borehole 58693 One of 

these samples was collected from a depth 12 to 19 5 ft, and one was collected from a depth of 
25 5 to 29 5 ft The -mum concentration of each of the above conatuents was detected 

from the scvll sample collected from borehole 58493 at a depth of 6 to 12 ft Only one of the 

above conmtuents detacted excdmg BUTLs (urantum-238 from borehole 58493 at a depth of 
0 to 6 ft), was detected at a umcentrahon Mow the maxunwa backgrowrd concentraaon All 

other results exceeded both BUTLs and maxlmum background concentrahosrs 

fi The laboratmy analyses performed on the sod 
samples collected from plume A resulted ~II the detocuon of aroclor-1254 at a concentrabon of 

860 pglkg (Table 2 4 3 3-1) Tlus compound was detected m a sample collected from a depth 

of 6 to 13 ft 
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The laboratory analyses performed on the sod samples collected from plume B resulted in the 

detecbon of aroclor-1254 (Table 2 4 3 3-1) This compound was detected in soli samples 

collected from boreholes 58393 and 58493 at depths of 6 to 12 ft and 0 to 6 ft, respecuvely 

At borehole 58393, aroclor-1254 was detected at a concentrabon of 440 pg/kg At borehole 

58493 aroclor-1254 was detected at a concenmhon of 210 pglkg 

The laboratory analyses performed on the soil samples collected from plume C (58693), resulted 

in the detecaon of heptachlor epoxide at a concentraaon of 11 pgkg (Table 2 4 3 3- 1) This 

compound was detected m the sod sample collected from a depth of 6 to 12 ft 

Semi-Volaale Orwic Co mmunds A vanety of SVOCs were detected at concentrabons that 

either exceeded the detechon limit, or indicated the presence of that compound, but was reported 

below the detecbon limit (Table 2 4 3 3-1) 

SVOCs were not detected in the sod samples collected from the boreholes where wells 60993 

and 61093 were installed (boreholes installed within plume A) 

The soil samples collected from boreholes 58393, 58493 and 58593 (boreholes installed within 

plume B) detected 2-methylnaphthalene, acenaphthene, anthracene, benzoic acid, 

benzo(a)anthracene, benzo(a)pyrene, benzo(b)fluoranthene, benzo(ghi)perylene, 

benzo(k)fluoranthene, butylbenzylphthalate, chrysene, dibenzofuran, di-n-butylphthalate, 

fluoranthene, fluorene, mdeno( 1,2,3-cd)pyrene, isophorone, naphthalene, phenanthrene, pyrene, 

and bis(2-ethylhexyl)phthalate The majonty of these consbtuents were detected at 

concentrabons below the detechon limit The only conshtuents that were detected exceeding the 

detecaon h m t  were benzo(a)anthracene, benzo(a)pyrene, benzo(b)fluoranthene, chrysene, 
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fluoranthcne, phextantbrcne, and pyrene These amstatuci~ts wem detecad m soil samples 

collected at boreholes 58393 (from a depth range of 0 to 12 ft) and 58493 (from a depth range 

ofOto6ft) 

The sod samples that were ookted from borehole 58693 @orchole mtaUed wthm plume C) 

detected 2-methylnaphthalesle, acenaphthene, anthmccne, sad# benzo(a)anthracene, 

benzo(a)py=e, ben@Mluoran-, t=mNghOp=yl=, benzo0t)hmathene, bis(2- 

ethylhexyl)phttdate, chrysene, dibenzofuran, dibenzo(a,h), fluoranthe, fluorene, 
mdeno(l,2,3-cd)wrene,naphthalene,phenatlthnne,andpyrrne ~~halfoftheseconstltucnts 

were detected atconcentratrons below the hmt Thesecmst~tucnts were detect& m 
sod samples collected from a depth range of 0 to 29 5 ft at concentratrons rangmg from 41 to 

4100 pg/kg Phenanthrene was the consatuent that was detected at both the low and the hrgh 
concentrat~on value The samples in whrch phenanthrene was dectcci were collected from a 

depth of 12 f i t 0  19 5 ft(4,lOopglkg) and25 5 ftto29 5 fi(41 pg/kg) 

v01- co- Table 2 4 3 3-1 surnmaflze~ the results for detected VOCs As 

presented on th~s table, the compounds that were dcteckd rn tius area are TCE, toluene, 

methylene chlonde, PCE, 2-butanone, acetone, 1 , 1 , 1-TCA, and ~ y l - 2 - p c n ~ o n c  

The boreholes/~ell~ that  ere I X U U U ~  w i t h  plume A, W ~ C  l,l,l-TCA and TCE were 

detected by the sod gas survey, mcluded mm-wells 60993 and 61093 The laboratory analyses 

&med on the sod samples wkted from borehole 60993 dcicctcd 1 ,  1 ,  1-TCA, 4-methyl-2- 

pentanone, acetone, and TCE At a depth of 4 ft, acetone was detected at a concentratmn of 

32 pg/kg,  but it was also detected rn the blank, At a depth of 6 fi, acetone and TCE were 

detected at concentmtmns of 17 and 7 pg/kg, respectwely (acetone was also detected in the lab 

i- 
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blank) At a depth of 8 ft, 1,  1, 1-TCA, 4-methyl-2-pentanone, acetone, and TCE were detected 

at concentrahons of 2, 2, 29, and 20 pglkg, respechvely (acetone was also detected in the lab 

blanks, and 1 , 1,l-TCA and 4-methyl-2-pentanone were detected at concentrahons below the 

detechon limit) 

The laboratory analyses performed on the sod samples collected from borehole 61093 detected 

acetone, TCE, and 2-butanone Acetone was detected at depths of 4,  6, 8, 10, and 13 ft at 

concentrahons of 28,48,26,34, and 359 pg/kg, respechvely Acetone was also detected in the 

lab blanks for each of these samples TCE was detected at depths of 10 and 13 ft at eshmatcd 

concentrahons of 1 and 2 pg/kg, respechvely (below detechon hmts) 2-butanone was detected 

at a depth of 13 ft at an estimated concentfahon of 17 pglkg (below detechon limit) 

Three boreholes, 58393,58493, and 58593, were installed within plume B, where PCE and TCE 

were detected by the soil gas survey Samples from borehole 58393 conmned PCE and TCE 

at concentrahons of 100 and 110 pglkg, respechvely, from a depth of 10 5 ft Borehole 58493 

conmed acetone, methylene chlonde, PCE, toluene, and TCE at a depth of 3 ft Acetone and 

methylene chlonde, whch were detected at concentrahons of 27 and 14 p g / k g ,  respectwely, 

were also detected in the lab blanks Toluene was detected at 4 pg/kg, a concentrahon below 

the detechon hmit The rematning conshtuents, PCE and TCE, were detected at concentfahons 

of 110 and 7 pg/kg, respectively PCE and TCE were also detected in soil samples collected 

from this borehole at a depth of 9 5 ft PCE was detected at a concentrahon of 10 pg/kg, but 

TCE was detected below the detechon limit at an eshmated concentrahon of 2 pg/kg The soil 

samples collected h m  borehole 58593 detected PCE at a depth of 3 ft, and PCE and TCE at 

a depth of 5 ft The PCE that was detected in the 3-foot interval was at an emmated 
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concentratm of 2 pg/kg, which is M o w  the dctectzm b t  The PCE and TCE ths was 

detected rn the 5-foot mterval, were at conccntrahcms of 250 and 28 fi&kgS respechvely 

Borehole 58693 was msmlled wthm plume C PCE was the only constituent detected at thu 

locahOn by the sod gas s u m 9  The laboratory anajyscs that were perfonrred on the sod samples 
that were collected from thw borehole detect& acetone, PCE, TCE, and toluene PCE, TCE, 
and toluene were detected at conceitratsuns below thedctcaum ltmEt(eJtUha0ad at 3 , 2 ,  and 3 

&kg, respcchvely) PCE and TCE were both detected at a depth of 17 ft and toluene was 

detcc&d at a depth of 7 f? Acetone was debctcd at a of 36 p g k g  at a depth of 
3 ft P C E a n d a c c t m c w e r e ~ p t ~ o f  l O d 4 2 p g k g ,  respeaveiyata 

depth Of 7 ft 

Also, d u g  the d n b g  of borehole 58693, (plume C) pundwatcr was encountered, and a 

groundwater sample was collected ustng the Hydropunch II system*. Table 2 4 3 3-2 hsts those 

consbtuents that were detected m tlus sample at conccntamns that exceeded BUTLs The 

laboratory analyses of this sample mdcaral that there were no zadmndde conshtuents detested 

at concentra~s e x d m g  BUTLS Also, these results mdrwted that these were no SVOCs, 

pestmdes, or PCBs detected Them were, however, a suite of metals detectbd at concentrations 

exceedmg 3UTLs As presented on Table 2 4 3 3-2, these coILshft#nw urclude arsmc, 

mercury, alummum, banum, berylhum, cadnuurn, &ium, chromum, cobalt, copper, uon, 
magnaum, manganese, mckel, potasslum, vanadium, m e ,  strontrum, &xm, and hthium All 

of these consatuents, wxth the exception of lithium, were detected at concentratsons that also 

exceeded the =mum background concm.mons Thc zudytxal d t s  of Ws groundwater 

sample also detected one VOC, PCE PCE was detected at a coneentriitxm of 16 p@L PCE 
was the only VOC detected at thts iocatlon by the Sori gas survey 
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In summary, the sod and groundwater samples collected dunng dnlhng from the boreholes 
withm the anomahes idenhfied by the sod gas survey confirmed the results of the sod gas 

survey The VOCs detected by the soil gas survey at each locabon were also detected in the soil 

and groundwater samples 

2 4 3 4 Surface-Water and Sediment Samphg 

The Phase I FSP ouhed by the OU5 Work Plan s p f i e d  the collection of surfacewater and 

d m e n t  samples from throughout the Woman Creek drarnage Although the Work Plan d e d  

for h s  samphg program under Stage 3 of the IHSS 115 invemgatton, the samples collected 

were to provide data applicable to the other OU5 IHSSs " M I  (EG&G, 1993a, as amended) 

was prepared to summarize existmg data collected under other programs and to define a remsed 

surface-water and sediment sampling program for OUS 

ms sechon discusses the results of the sampling conducted m Woman Creek and the SID 
Secuon 2 6 2 discusses the samphng program implemented at Pond C-1 (IHSS 142 10) and Pond 

C-2 (IHSS 142 11) Sechon 2 7 3 1 descnbes surface-water and sediment sampling activihes 

at IHSS 209 and the other surface disturbances 

2 4 3 4 1 -chon 

Hydrologic components of the OUS revised FSP are given in TM1 and include aspects of both 

surfacewater (SW) and sediment (SED) sample collecuon from Woman Creek and the SID 
The specific SW and SED sites used for evaluauon of additional data collected in accordance 
with guidellnes in TM1 are indicated on Figure 2 4 3 4-1, these sites are desmbed in Table 

I 
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2 4 3 4-1 SampleS W t r c  to be OOUected dUMg nW, scfredulad QuOrcerly baseflow, and twr) 

storm-evtnt (that IS, hgh-flow) strcam condmons. Table 2 4 3 4-1 PpaMdeS a hshng of the 
monitonng-site locanon ~ C S ,  type of rnmtmryl ate, m, samphg frequency, and 

equipment at the site These 17 non-pond surface-water mamtmng sltr?s dtdd in samplurg 

sumeys were as gven m Tables 2 4 3 4-1 and 2 4 3 4-2, along wth the me stream-channel 

(non-pond) bottom-sediment samphng sites 

These designated rnomtomg sites are located m the stream thalweg along Woman Cmk, 

and SW50293 arc located adjacent to Woman Creekand wcrcdded bo the OU5 R P  a f k  the 
November 1992 quarterly base-flow samplmg survey, m order to ehmcmzc seep water before 
i t  enters Woman Creek from the north and south qks of the stream, respectrvely (Figure 

2 4 3 4-1 Sites IHSS209 and SWS5193 were deslgnat#1 to sampk waters impacted by the 

s- cretk, and the sm mth dre f- sm mso193 

dlStUrbed area UI IHSS 209 (Figure 2 4 3 4-1) F d l y ,  SI& SWSOO samples flows from the 
storm-sewer Qscharge mto the SID (Figure 2 4 3 4-1) 

The OU5 FSP spmfied the chemcal-analytical SeAedUle and IWmtodacute-toxmy Surfacc- 

Water Toxlclty Momtonng Program milaboratton for samples coktcd at each monitomg SI~G 

(EG&G, 1% Table LO), thrs schedule 1s also grven ~II Table 2 4 3 4-3 The non-pond 

stream/ditch and asxmatd bottom-sedtment samples were analyzed for four general catcgcms 

of chemd constxtuents radronuchdcs, TAL metals, miscellaneous waterquality vartables, and 
VOCs, as well as for Mmtox/acutc tomaty 
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2 4 3 4 2 Procedures 

The one-hme bottom-sediment sampling survey at all nine OU5-FSP monitonng sites were 

collected on November 5, 1992 These samples were processed for the required analyses as 

outlined in Table 2 4 3 4-3 Toxicity analyses were made on two samples (sites SED127 and 

SED501, an addihonal sample was collected at site SED506 on November 9, 1992 for tomcity 

analyses only (EG&G, 1994a, Table 9) Some difficulty in obtatning an adequate volume of 
sediments was encountered at many sampling lOCahOnS, due to rocks and cobbles present m the 

stream bottom Nonetheless, adequate volumes ultlmakly were &tamed The sample numbers 

assoclated wth the nine sediment samples collected on November 5, 1992 ranged from 

SD50001WC to SD50012WC, with SD50007WC represenang a duphcate quality-control sample 

associated with site SED507 (EG&G, 1994a, Appendlx J) Sample number SD50022WC 

idenhfied the supplemental toxicity sample collected at monitonng site SED506 on November 

9, 1992 (Table 2 4 3 4-4) 

Quarterly base-flow surfacewater samples were collected at eight of the 12 monitonng sites on 
November 4, 1992 Dunng this rnitlal base-flow survey, no samples were collected at sites 

SW027 and SW507, both located on the SID, nor at sites SWO41 and SW127, both on the south 

tnbutary of Woman Creek, due to insufficient water m the streams at the hme of the November 

4, 1992, survey The samples were processed for the requued analyses as outlined in Table 

2 4 3 4-3 The sample numbers associated with the eight surface-water base-flow samples are 

SW50213WC and SW50216WC through SW50224WC, wth samples SW50217WC and 

SW50218WC conshtutmg quahty-control samples  sate and duphcate, respecavely) associated 

with site SWO29 (EG&G, 19931, Appendix J) Toxicity samples were collected dunng this 

inlad base-flow survey at the following four momtonng sites (Table 2 4 3 4-4) SWO40, 
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SW033, SWO34, and SWO26 (Figure 2 4 3 4-1) Sites SW027 (SID) and SWo41 (south branch 
of Woman Creek, Figure 2 4 3 4-1) were dry, and thtrefore, 110 toncity samples that we= 
ongmally scheduled could be collected dunng thts s u ~ e y  

The sccond quarterly bassflow sudace-water samples were dcctcd at 13 of the 14 destgnated 

motutonng stcs on March 24, 1993 Also, sites SWSO193 Sne SW50293 wcfe added to the 

o n g d  12 sites after the November 1992 sampltng survey No sample was collected at 

momtonng stc SW027 along the SID, due to mufficmt water m the &tch at the bme of ttus 
survey The resultant samples were processad for the spcded d y m  as outhned u1 Table 
2 4 3 4-3 The sample numbers assocad mth the 13 streamh&tch bsje-aow samples a# 

SWS(nOlJE, and SW50203JE through SW50216JE, wth samptes SWJ0212YE and SWSO213JE 

constitutmg quahty-antml samples (msate and d u p W ,  reJpecttvely) assocrated wth ate 

SWo40 (EG&G, 19931, Append~x J) Dunng the March 24,1993 survey, torncity samples were 

collected at the followng four momtcmng sitcs (Table 2 4 3 4-1) SW127, SWO41, SWS0193, 
and SW50293 These all rcprwarted sltes not lncludcd m the November 1992 samphng suwey 

No toxlclty sample was collected from site SWO27 (at the lower reach of the SID) dumg ather 

base-flow sampling survey, as ongurally scheduled, due to lack of f l a g  water 

Htgh-flow ~ d b - w a t e r  sampfes collected at two of the 14 deslgMttd samplurg sites 

March 29,1993 (Table 2 4 3 4-44) Both mmtonng slm (SWSO7 and SWo27) for this survey 
were located along the SID (Figure 2 4 3 4-1) The sample n u m b  assocfatcd wth these lugh- 
flow samples were SW50217JEand SWso218JE, wth SW50219JEand SWSO22OJE constltutmg 

quahty-control samples (nnsate and duphcatc, respectrvely) assocad wth ate SW027 (EG&G, 

1994a, Appenclrx J) A second hgh-flow surf8ce-water Jampltng took place on May 17,1993, 
with samples coketed at the same two of 14 sites (SW507 and SWO27), as described above 
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The sample numbers associated wth these high-flow samples are SW50221JE and SW50222JE, 
with SW50223JE and SW50224JE conshtuhng quality-control samples  sate and duplicate, 

respectwely) associated wth site SW027 (EG&G, 19931, Appendlx J) No other synophc non- 
pond surface-water samples were collected dunng either of these !ugh-flow events A high-flow 

samplmg also took place dunng Apnl 1994 No results are avrulable yet for this sampling event 

2 4 3 4 3  Res& 

The avadable analpcal results were &tamed from the WEDS in retnevals dated August 5, 
1993 (EG&G, 19933) and January 28,1994 (EG&G, 1994a, Appendm J) This latter retneval 
served to fill III the few missmg data from the earher retneval (EG&G, 1994a, Table 2D) as 
well as update, as appropnate, data files for the Hydrologic Data Summary (EG&G, 1994a) 

Based on the analyses speclfied in the OU5 FSP, all laboratory data were received for the four 

general categones of chemical conshtuents (radionuchdes, TAL metals, miscellaneous water- 

quallty vanables, and VOCs), results are prowded in EG&G (1994a, Appendlx Tables J-1 

through J-4, respectwely) For surface-water sites, the TAL metals include a total of 29 

chemical COnShtuents 24 trace metals, four major cabons (calcium, magnesium, potassium, and 

sodium), and sdmn For sediment sites, the TAL metals mclude 28 chemical constments the 

above constmats less sihcon (EG&G, 1994a, Appendlx Table J-2) The nusceUaneous water- 

quahty vanables mclude major mons (bicarbonate, carbonate, sulfate, and chlonde), fluonde, 

nitnte-plus-mtrate nitrogen, (total) dissolved solids, total suspended sohds, dissolved organic 

carbon, TOC, and infrequent other analyses (EG&G, 1994a, Appendlx Table J-3) The OW- 
FSP surface-water sample-analyses summary status is provided 111 Table 2 4 3 4-4 
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In collaboratton wth the OUS-FSP low-flow mvcstigatsons, Mcm- and acutc-tox~clfy tests were 

conducted on samples collected at ten surfb-water sltes and at three non-pond sediment stm 
(Tables 2 4 3 4-3 and 2 4 3 44) Dews of the sunphg surveys and Bssoclated analyses are 

documented by The Seacrest Group (l992,1993a, 1993b) Mxmtodacutc tomcity test results 
have been summanzed m EG&G (1W4a, Table 9) 

In comparing tustoncal RFEDS data (EG&G, 1994a, Appenchx Tables (3-1 and G-2) with the 
more recent OUS-FSP-generated data (EG&G, 1994% Appendu J, Figures 8A-M, 9A-M, and 

1OA-J, and Table a), the followurg obsuvamns were noted (also see EGdcG, 1994a, Table 13) 

In many cases, cspaxdly radionuchck, concentratxmsofQusolvaacons~tuats were 
higher than concentrat~ons of total ms&tucnts The r~~erac p~~ttern (that is, total 
mnccntraQons higher than dissolved c o n c c n m )  m i d  be expected Both 
radionu&& and traa-metal concmmons were often near detechon limts, which 
may contnbute to this anomaly 

Recent tmce-metals concentrattons @ased upon the OUS-FSP data) frequently are 
lower compared to earher RFEDS data, however, m m y  cases, ttus cornparatwe 
obscrvabon may be attnbutable to generally lower analytical detectmns hmts 
apphcable to the more Irccent data. 

In general, the conmtraUons of both surfkcc-watcr and bottom-sediment constmcnts 
were below background BUTLs (EGBrG, 19931) for srrmlor medm at RFP 

Stream-reach p r o f i i e s  of Woman Creek for selected watcrquahty ccmst~mta are plotted from 
upstream (RFP west boundary) to downstream (below Pond C-2) as shown on Figures 2 4 3 4-2, 

2 4 3 4-3, 2 4 3 4-4, and 2 4 3 4-5 for the low-flow surveys performed on November 4, 1992 

and March 24,1993 The pwpose of these stream-reach water-qwhty profiles was to attempt 

to ob- cause-and-effact rehhonstups betweca water qualrty and IHSS loca&ms wthn OU5 
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The hXahOnS of selected MSS and tnbutary inflow locatlOnS on Woman Creek downstream from 
the RFP west boundary are indicated at the top of each figure for reference 

Radionuchda Selected radionuchde (gross-alpha, gross-beta, plutomum-239/240, uranium- 
233/234, uraruum-235, uraruum-238, amencium-24 1, m u m -  137, and stronnum-89/90) 

COnCentrahOnS (total and dissolved) are plotted on Figures 2 4 3 4-2A through 21 for the low- 

flow survey on November 4, 1992, along with the BUTL (EG&G, 19931) for each conshtuent 

Analysis of these stream-reach waterquality profiles indicates that, whle both total and 

dissolved conmtraaons generally increase downstream m Woman Creek, none of the 

concentrahons are greater than the BUTLs (EG&G, 19931) For some constltuents, such as 

u m u m  species, it appears that Antelope Spnng Creek may be a contnbutor to increased 
downstream concentrahons 

The same radionuclide consutuents are shown on Figures 2 4 3 4-3A through 3H for the low- 

flow samphng survey on March 24, 1993 Analysis of these profiles indicates the same basic 

trend of increased concentranons in the downstream dvectron in Woman Creek as observed 

dunng the low-flow survey on November 4, 1992 Except for one total plutonium-239/240 

concentrahon of 0 031 pCdL downstream from Pond C-1 (EG&G, 1994a, Figure 9C), other 

concentrahons were less than the BUTL (EG&G, 19931) 'Rus one pluto~um-239/240 

concentrahon was higher than background (002 pCdL) by 55 percent Thls one value, 

apparently isolated, should not be used to conclude that plutomum-239/24(3 IS a contaminant of 

concern in Woman Creek No definite conclusions regarding the cause! and/or effect of IHSS 

or tnbutary inflow contnbunons to the general downstream concentranon increases of 

radionuclides 111 Woman Creek can be drawn for the data collected dunng the low-flow survey 

on March 24, 1993 ! 
I 
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-Met& Selected total and dissolved tracc-metal (w, manganese, and strontium) 

concentfahons for Woman Creek streamreach protiles are plotted on Figures 2 4 3 4-2K 
through 2M for the November 4, 1W2 low-flow survey and on Figures 2 4 3 4-3K through 3M 
for the March 24,1993 low-flow m e y  lron and mangitnese amcutZra&ons for both low-flow 

suweys show elevated vaiw at the RFP west boundary wheb return to near detectron levels 

untd just downstream from Pond C-1 wheze these c x m c e a w s  mcreaoe and then decrcas 

agam to near detectton Both uon and mvlganesc commtq&ons m Woman Creek arc dl 
below the specrficd BUTLS (EG&G, 19%) for these const~ttents m RFP surface waters. 

Both total and dissolved strontium shows a pattun of 1tlcrc14sc m tke downstream 

W a o n  m Woman Creek for both the law-flow surveys These zftrontlum conccntrataons are 

below the BUTLs (EG&G, 19931) for both total and &tsolnd cowtrtuents The general mzease 
downstream may be due to combmatrons of seeps and other tnbutary mflows from IHSS areas 

and Antelape Spnng Creek, wh& show stronbum concentrations hgher than Woman Creek at 

the RFP west boundary 

1 Other waterquabty consmueat ( d a u m ,  magnesium, 
potasslum, sodturn, blcarbona6e, sulhte, chloride, total Qssolved soh&, totaI suspended solids, 
and shcon) co~ientrabon strcam-ivach profiles for Woman Creek are s h m  on Figures 2 4 3 4- 

4A thou@ 4J for both the Novemk 1992 and March 1993 low-flow surveys Analysts of 

increase m concentfatlon IXI the downstream dvectron III W o r n  Creek for both of these low- 

flow surveys Concenmons of d a u m ,  magnesm, sodium, and sulfate were greater than 

the BUTts (EG&G, 19%) for these conmtuents downstream from Pond C-1 The maxfmum 

these stream-rea& waterquallty profiles mdlcam &at the wefq&ty comtltuents g e r l d y  
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increase above background for the above cahons and mons was approxlmately 28 percent, 

which is shll considered to be well wthin the typical range of these waterquality conshtuents 

shff diagrams were calculated usmg major-ion analyses for the sevm water-quahty sites on 

Woman Creek for both the November 1992 and March 1993 low-flow sampling surveys 

(EG&G, 1994a, Appendix Figures J-1 and J-2) The purpose of the Sbff diagrams was to assess 

if changes in water type were occumng in the downstream dlrechon in Woman Creek or if 

changes had occurred between the November 1992 and March 1993 low-flow surveys Results 

of the Sbffd- analyses mdicate that the low-flow water type m Woman Creek IS a calaum- 
bicarbonate type, whch does not vary m the downstream duectlon for both the November 1992 

and March 1993 low-flow samphg surveys Ion and dissolved sohds balances also are shown 

in EG&G (1W4a, Appendlx Figures J-1 and J-2) and are acceptable for the water-quality data 

avalable for both low-flow surveys 

-1c co- Total and dissolved orgatllc carbon COncentratIOnS were used as an 

indicator for organic contammants for stream-reach profiles rn Woman Creek The November 

4, 1992 low-flow survey results are shown on Figure 2 4 3 4-27 and the March 24, 1993 low- 

flow survey results are shown on Figure 2 4 3 4-3J Analysis of these profiles indicates that 

organic carbon concentrabons in Woman Creek are generally well below the BUTLs for RFP 

(EG&G, 19931) One value of dissolved orgmc carbon (21 mg/L), measured downstream from 

Pond C-2 (Figure 2 4 3 4-3J) dunng the March 24, 1993 low-flow survey, was above 

background concentrahon (17 0 mg/L) The cause for this increase (19 percent) above 

background is unknown There appears to be a consistent increase in orgaruc carbon 

concentrabons downstream from Pond C-1, perhaps caused by releases from Pond C-1 It does 

not appear, based upon results of the two FSP-related low-flow surveys, that contnbuuons of 
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orgamc carbon arc mmmg from IfIsSs other than Pond C-1, and tbat these mpoundment-relatab 

contnbuttons are very small 

Table 2 4 3 4-5 summama the number of watcrqualxty conrstrtuents fot TAL metals, 
&onuchdes, and wamquahty varurbles whecb had mamaatI0ns tttgher than BUTLS m 
surface-water samples Table 2 4 3 4-5 atso sum- VoCa WW werc dctcctd m water 

samples from mauwtcm Woman Creek and setected tnbutams 

streamreach profsles of woman C& for Jelactbd botown-- coltstltualt!i are piacted 
from upstraun (RFP west boundary) to downstream (bdow Pond C-2) as sbown on Figum 

2 4 3 4-SA through 5M for the low-flow surveys performed on November 4, 1992 and March 

24,1993 As wth thc watcr-quahty steam-zeacb profiles, the purpose of the bottom-sediment 

q d t y  and IHSS locatrons wthm OU5 The loamons of selected EISS and tnbutary mflow 

locations on Woman Creek dwmstmm from the RFP west boundary are mhcated at the tap 

of each figure for rekenec- 

Stream-reach profiles w a ~  to attempt to ob- cau~e-andeffect rela&mshtpS between 

Selected riuhonwhdc (gross-alpha, gross-bcta, p€utmuum-239/240, amenmum- 

241, and tnhum) conantratlolls are plotted on Figures 2 4 3 &A through E for the one-trme 
d - t  SampIing Of Novembu 5-14 1993, lrlong ~ t h  t h e w  stnam-dl-t BUTL 
(EG&G, 19931) fa each C0nm-t These stream-& sadi~t-qualrty  profiles lndlcate that 

none of the samples had -mons higher than the correspondmg BuTts and that the 

conccnttatlons of radtonuctrdes generally wcrc hgher m the suhmcnts wthm Pond C-1, wth 

the exceptam of tnQum, whch is mm-sorbmg ' h s  is to be expected, because Pond C-1 is on- 
channel and reduces the potential €or sediment transport downstream 
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Trace-Mem Selected trace-metals (aluminum, arseluc, banum, Eon, lead, manganese, luckel, 

and vanadium) sedimentconcentrabon profiles are shown on Figures 2 4 3 4-F through M for 

the samplmg of November 5-10, 1993 As with the radionuclides, tracemetal concentrahons 

generally increased downstream from the RFP west boundary and were hghest wthin Pond C-1 

These concentrahons then decrease downstream Mercury concentrabons were shown to be 

higher than the mercury BUTL (EG&G, 19931) for sediments wthm Pond C-1 (see Sectlon 

2 6 2 1 3) Table 2 4 3 4-6 summarizes the sedimentquahty consmuents which had trace-metal 

concentrahons hrgher than BUTLs (EG&G, 19931) for all samples collected for the FSP one-ume 

sediment samphg Based upon the data m Table 2 4 3 4-6, banum, cadmum, copper, sdvcr, 
and nnc also had concentrabons higher than respectwe BUTLs for one or more locahons wthm 

OU5 dunng the November 5-10, 1993 sampling survey 

Other Water-Oaitv Co nsbtue nu Other waterquahty consbtuent (calcium, magnesium, 

potassium, sodium, rutntdnitrate, and TOC) concentrauons were analyzed for sediment samples 

collected dunng the November 5-10, 1993 sampling As shown m Table 2 4 3 4-6, calcium and 

TOC both had concentmuons higher than BUTL (EG&G, 19931) at two and three sites w i h  

OU5, respectwely 

Organic Conshtue nu 
sites These sites were only m the C-Ponds 

No organic consutuents were analyzed for stream-sediment sampling 
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2 4 4  Stage4 

Stage 4 achvihes conducted at IHSSs 115 and 1% consisted of a CF" program and the 

InVeShgatm of groundwater quahty through the use of well pomts and morutonng wells The 
implementatzon and resuits of these acawttes are discussad m h s  secbon 

2 4 4 1 Cone Penetrometer Tesbng 

Performance of CPI' waspmposcd m the OUS Work Plan as part of Stage 4 ac&wtm of the 
Phase I RFI/RI of IHSS 115 The Work Plan also spacafied that aTM be prcpard outluutlg 

the detads of the cone penetrometer use, typc of sampler, and spaang of test bCahOnS The 
detads of the CPT program implemented at IHSS 115 and the results obtamcd are discussed in 

the followng subsecttons 

2 4 4 1 1  

TM6 was prepared based upon evaluahon of work conducted d m g  Stages 1 , 2 ,  and 3 and 

provides spcdics of the praposed CPT program CPT provides a way to rapidly measure soll 

parameters such as t ~ p  mstance, local fnctm, and pore pressure The overall purpose of the 

CPT samplmg program as stated m both the OU5 Work Plan and TM6 was to 

characterize subsurfkc sediment type (hthoiogy), 

mterpolate subsurface um&bons betwem control boreholes, 

locate the passlble occurrence of saturated sods, 
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asslst m selectmg locaoons for groundwater samples, 

assist 111 selectmg locations for monitonng wells, and 

0 evaluate sod parameters (1 e ,  shear strength, etc ), to a lesser degree for this 
meshgahon 

The scope, as specified in the OU5 Work Plan, was to perform CPT in two lines with a 

rnaxlmum of 100 ft between locahons One hne was to be between the Ongmal Landiill and 

the SID, the second line was to be placed between the SID and Woman Creek As specified m 

TM6, these were replaced by a smgle h e  located near the "toe" of the Ongmal Landfill and 

south of the SID wth a maxlmum of 100 ft between locanons This was planned such that there 

was the same number of CPT locaoons as rndicated m the OU5 Work Plan Figure 2 4 4 1-1 

presents the lOCahOnS of the 23 CPT sites (CFl95193 through CFTO7393) 

2 4 4 1 2 Field Procedures 

Field work related to the CPT was conducted m accordance to SOP GT 21 To the extent 

possible, as dictated by topography and surface, as well as subsurface conditions, CPT locations 
were installed at 100 foot centers Some loahons changed from the proposed locattons 

presented m TM6 due to site specific condihons encountered in the field (such as buned 

obstrucoons) Where CPT refusal was encountered, the equipment was removed and an offset 

penetrahOn attempted Offsets were within a radius of 3 3 to 10 ft from the onginal lOCahOn 
when topography allowed The deepest CFT locanon at each site was surveyed and is shown 

on Figure 2 4 4 1-1 
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Penetrahon depth of each CPT was to bedrock, refwal a€kr a mrnunum of 2 ft below the 
groundwam (saturatad) table, or refusal after du# attempts at one srte If the pfc!mce ofwater 

could not be substantiated d m g  advanamat of the CZT, the rods were mspected for the 

presence of wateraftupullmg them If water wasstdl notdebeetab, awuerbtl mdicamr was 

lowered lnto the CPT hole to check for water Typ~cally, thzo was done at kast 30 mmutes after 

complehon of the CVT hole Subsequent to mc8suMg thc WBtGI lewd, the CPT IocaaOn was 

grouted Water level mformatlon was used m the d y m  of soll typos 

2 4 4 1 3  Results 

Of the 23 CPT ates, three locattons (CP"K193, Cp1w193, and CP'IWB3) were abandoned 
after three faded attempts to reach bedrock Dnve depth from the surface for the remamng 

CPTs ranged from 2 8 (CPTO6993) to 31 2 ft (CPTO7393), av-g about 16 ft Appcndur 

F contams 

discussion of field and mtcqmfatrve procedures, 
CPT soundmg logs (stnp recorder printouts), and 

m m t c ~ v e p m ~  

Table 2 4 4 1-1 IS a summary of &tal depth, depth to bedrock, depth to groundwater d m g  

testmg,andsurveycoordraates DatafkmTable244 l-l&themapof&esurfaceuntb2- 

foot COntMIts were plotted on Figure 2 4 4 1-2 as a cross-section 

Depth to bedrock was eshmated to range from 2 to 29 7 ft Figure 2 4 4 1-2 clearly shows five 
sigmficant bedrock lows (locat~ons CFNE593, CPTO5793, CpTo5893, CpTo6193, and 

3 
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CPTO6893) Water was found to be present in three of the bedrock lows (locahons CpTo5993, 

CPT06 193, and CP"M893) The bedrock lows idenhfied at locahons CPTO5593 and CpTo5793 

were dry Even though there is a bedrock high, water was idenhfied at locahons CPT07193 and 

CPT0739 As discussed in subsequent sections, well pomts mstallcd at these locahons confirmed 

the presence or absence of water as indicated by CPT Locatrons for monitonng wells wem in 

part selected based on the CPT informahon 

As discussed above, the overall purpose of CPT program was acheved because 

subsurface sedrments were charactenzed, 

0 subsurface condihons between control boreholes could be mterpolated, 

0 saturated sods were idenhfied, 

informahon collected was used to select locahons for groundwater samples (well 
Palm, 

0 informahon collected was used to select locahons for monitonng wells, and 

sod parameters of undmed shear strength, N, and ph angle were calculated 

2 4 4 2 Well Points 

Performance of one-hme groundwater sampling associated with the CPT program was proposed 

in the OU5 Work Plan as part of Stage 4 of the Phase I RFUFU of IHSS 115 TM6 speclfied 

locahons for groundwater samples and analyte lists The Work Plan stated that groundwater be 

sampled with a BAT0 (or equvalent) samphg device TM6 specified that the groundwater 



EG&G ROCKY FLAm PLANT lmnuak 21 1oO.wP~U~.1 
TectrnicrlMemorandumNo 15 section. 20 ,DmflFi iRev  0 
Amended Field Sampling Plan paot 2-80 of 2-216 
volume 2 Medive Da- May 13,1994 
category 1 Oqgmbtiom: Emhomental Remediation Div 

samples be &tamed u m g  well polnts ratha than the BAT0 because of advantages related to 

samphg mtervals (1 e ,  screcned length) and sample volumes (EG&G, 1993e) 

2 4 4 2 1  lntroductlon 

The overall purpose of the well pornt samphg program as stated in both the OU5 Work Plan 

and TM6 was to cstabhsh the presence and extent of gmtmdwatcr mntammhon, potentd 
rmgratxm pathways from the Chgmd Landfill, and future momtorang well loamons The 
overau Scope of well pornt safnphg was to 

0 &tam groundwater satnples at SO-faot mtervals Wgh any anomaha ident.lfied xn 
the southern (downgmhent) three ltnes of the soll gas survey, and 

0 &tam one or two groundwater sample m agnificant bedrock lows as idenafied wth 
them 

Selemon of the well pomt locahons was dependant on results of the soll gas surveys, CpTs, and 

informatron from other mvcstqatams performed dunng Stages 1, 2, and 3 of the Phase I 

RFVRI Slnce there were no sol1 gas anmahcs m the low= three lures (as presented m Section 

2 4 2 2), well pomts were not mstalled at Sori-gas-iocated anomah- Locations of tcn well 

mstalled 111 bedroclr IOWS shown Flgum 2 4 4 1-1 

A single well pomt (59893) was mstaIled m the "dry" bedrock low idmtrfid by CP'IVS593 

Four well pornts (59993,60093,60193, and 60293) were mstallcd in the slgtllficant bedrock low 

idenbfied by CP"O5993, CPT€)6093, CpTo6193, and CFIW293 Well point 60393 was 

installed in dramage below the locatm of MSS 196, well pomt 60493 was installed in the 
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bedrock low ident&xl by CPTO6793 Well points 60593,60693, and 60793 were mstalled near 

the west side of the landfill, where groundwater was identified m CPTO7193 and CPTO7393 

2 4 4 2 2 I n s w o n  and S w  

Well pomts were mstalled m accordance wth DCN 93 02 to SOP GT 06 Well points with 

more than a few mches of water m them were developed by surgmg and pumpmg with a 

penstalbc pump Development typically progressed untd the well pornts were dry, rather than 

based on turbid~ty 

In addibon to attempting to sample the ten well pornts mstalled as part of the CPT program, six 
other well pomts or mmi-wells were sampled as follows 

0 60893, 60993, and 61093 were mstalled at soil gas anomahes as discussed in SechOn 
2 4 3 3 ,  

62793 and 62893 were installed as part of a seeps and spnngs study being conducted 
by EG&G, and 

63193 was installed as replacement for momtonng well due to overhead powerlines 
(Secbon 2 4 4 3) 

A duphcate sample was obmned at 61093 A downhole mertta pump, small diameter tubmg, 

or a penstalbc pump were used to obmn groundwater samples Analysis parameters and 

sequence of wllecbon, m order of pnonty, for all groundwater samples are shown on Table 

2 4 4 2-1, as well as which analytes were filtered Table 2 4 4 2-2 is a summary of which well 

points were sampled and for what analyses 
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2 4 4 2 3  Results 

Table 2 4 4 2-3ac is a summary of const~tucnts detected at cmcu~trat~ons greater than BUTLs 
for each set of samplmg pomts (1 e ,  well pornts, sod gas wells, and seep/spnng well pornts) 

The followmg paagrephs arc d1-9 of spccf~c results that excccdcd background 

&&& The sample from 61093 colltatRcd 275 pg/L of Ittfuum, 101 pg/L of nickel, and 2,575 
p g / L  of stronttum (Table 2 4 4 2-3b) These conantrafiopw arc approximately two to three 

are a p p r o x ~ d y  four ttmcs the BUTLs Manganese was dc&cted m the sample from 60293 
at a conccn~on of 346 pglL versus the BUTL of 331 64 pg/L (Table 2 4 4 2-3a) 

h m e S m t h a a  t h C K r e J p e c t l v r , ~  h thevkfionr 61093, &W?nd ll&l@ESUm 

W n u c l t d p l g  Total achv&es of radium-226 are approrumately three hmes higher then the 

BUTL m samples from 59993 and 60293 StrOnhUm-89190 was margurally greater than the 

BUTL in the sample from 60293 (1 5 pCdL for the sample versus a BUTL of 1 15 pCdL) 

These were the only riu&muclidcs detected e x d m g  the m v e  BUTLs 

Water 0- Orthophosphate was detected c x e g  the BUTL for filtered 

samples m samples from both 60293 and 61093 but were below the maximum background 
conmtratm of 0 2 mg/L These sampks were not filtered and therefore may be wthm the 
background papulat~m Total &ssolved solids ex& the BffIz m the sample from 61093 

Po- m v 1 s  m- c o m  
Peshades, PCBs, and SVOCs wexe not dctectd in gromhmm samples from the well porn&, 
except two unknown TICS were found ITI the sanaple from the sample from 60293 Unknown-1 
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was detected at an estimated concentration of 5 &L, and unknown-2 was detected at an 

eshmated concentration of 68 pg/L 

Volable ComDo& Samples from 60493, 62893, and 61093 were the only samples 

to contam detected levels of VOCs All of the orgamc chenucals (except TCE) listed in Table 
2 4 4 2-3a-c were detected at concentrations wthm an order of magmtude of the detechon hmt 

TCE was the only constituent detected more than an order of magmtude greater than the 
detection h u t  and it was detected 111 the sample from 61093 at a concentraQon of 150 pg/L 

TCE was one of the conshtucnts found m the sod gas anomaly l,I,l-TCA was also detected 

in both the groundwater and sod gas 

In summary, the followmg is a list of conshtuents detected m samples of groundwater from 
withm the footpnnt of the Onginal Landfill at concentrations exceeding the BUTLs 

Iittuum, nickel, and stronuum, 

0 common mons of calcium, magnesium, and manganese, 

radium-226 and stront1um-89/90, 

general water quality parameters of orthophosphate and TDS, and 

VOCs of acetone, 1, 1-DCE, 1 ,ZDCE, 1, 1, 1-TCA, TCE, and PCE 
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2 4 4 3 Groundwater InvcstIgat~on 

The OU5 Work Plan also speafied that groundwater momtonng wells be mstalled and sampled 

as part of the Stage 4 mvstrgatIon of IHSS il5 The hllowmg subsections ducw the 

instalhaon, samphg, and results ob~d from weUs urstdkd UI the a m  of MSSs 115 and 

196 

2 4 4 3 1  

Accordmg to the OU5 W d  Plan @OE, 1992a), scvat IM)lllboring wells wcrt to be urstalkl 

at MSS 115 as part of the OUS Phase I RFI/RI The Work Plan also st~pulated that exact 

locahon, type, and number of morutomg wells would depend on the xzsults of Stages 1 through 

3 of the Phase I mvcst~gabon, and that tfuo mforaratlon WouId be presented m a TM A letter 

dated June 18, 1993 replaced thls proposed TM (Append= A) Th~s letter proposed that five 

1) The purpost of these wells was to moplltot prtsent and futwo contarrrmant levels 
downgradrent of the landfill and to help establish future or present c o n m t  mgrahon 

problems 

wells be rnstaued downgfiadlcnt of the landfill and one twtaued wtthlfl IHSS 1% (Figure 2 4 4 3- 

The final proposed locations of thest wells werc selccmd based on dixmtxon provlded by the 

CPT survey and the sod bonngs Thc results of the CPT survey and borehole loggmg pmaded 

depth-to-bedrock and groundwates mformmon From this mformatm, a bedroclc/a.Uuvim- 

contact contour map was developed, and wells were proposed to be placed m locat~ons whcrc 

bedrock lows and/or groundwater were suspected to be premt 
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Upon completion of well mstallabon achwhes, two areas wthrn IHSS 115 were selected for field 

charactenzahon of aquifer parameters These locahons were selected based on the hthologic and 

hydrologic charactenshcs idenhfied dunng dnllmg, core loggmg, and well development 

achvihes Charactemahon of aquifer parameters was neceSSary to prowde mfomahon for the 

hydrogeologic groundwater flow model to be developed as dvccted m the OU5 Work Plan 

2 4 4 3 2 Field Procedure$ 

Seven groundwater momtonng wells were mstalled m the MSS 1 W M S S  196 area and one was 

installed m the surface disturbance east of IHSS 115 (Figure 2 4 4 3-2) Two of the wells 
(60993 and 61093) were installed as a part of the sod gas anomaly mveshgahon discussed in 

Sechon 2 4 3 3 In addihon to the boreholes completed as groundwater momtonng wells, two 

boreholes (59193 and 59293, ongmally mtended to be monitonng wells) were also dnlled 

These boreholes were not completed as wells because they did not produce water dunng d d h g  

Hollow-stem augers were used for advancmg five of the eight boreholes (59393,59493,59593, 
59793, and 61293) in which wells were installed These wells were mstalled m accordance with 

SOP GT 06 Boreholes 60993, 61093, and 63193 were advanced using a hydraulicallydnven 

Kansas Sampler (a sohd core barrel) m accordance wth SOP GT 02 These boreholes were 

installed usmg th~s altematwe procedure due to difficulty accessmg then locahons wth a 

standard d&g ng The bonngs were dnlled 5 ft mto weathered bedrock m accordance with 

the OU5 Work Plan (DOE, 1992a) Dunng the dnlling of the boreholes, soil samples were 

collected for chemcal and geologic analyses 
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The samphg techxuques employed cons& ather of d n m g  a spht-spoon sampler u m g  a 140. 

pound &de hammer (umg hollow-stem augers), or hydraullcauy dnvlng a core barrel (usmg 

the Kansas Sampler) to collect the sod samples Once the sampler was removed from the 
borehole and opened (or as m boreholes 60993, 61093, and 63193, the sal was removed), its 

contents were saxmexi wth an alpha and a Wgamma probe to detect radioactw~ty, and an 

O W  to detect VOCs The amount of recovcrcd core was then measured, exarmned visually 

for the presence of waste mated, and the hthology classrfied and logged 

sori samph were collacted amtmwusly from ground s u d b  to the first bedrock m t m d  

samphg method, from every 2-foot mterval and analyzed for TCL, VOCs Sur-foot compontc 

samples were also collected and analyzed for TAL metals, TCL SVOCs, total uranium, 
plutoruum, ammcium, gross alpha, and gross beta as specified m the OU5 Work Plan (DOE, 

1992a) In order to &tam these &foot composte core samples, the r c c o v e r c d  cure was placad 

m a safe locat~on, out of dmct d g h t ,  untd thra consecutive 24-m&, or cunsecubve 18- 
inch samples, totahg the requmd 6 ft, were collected Sod was then c~llected from the &foot 

mterval of recovered core, med mm a composrte sctrnple, aad placed m appropmte contatners 
for labomtory analys~s accordmg to SOP FO 13 

Jh~crete SampBeS wcit dld ~r 3-mch ot 6-mch s t a ~ & ~ ~  stal W, depardrng ~n the 

1 

In addbon to the &foot mmpomte samples and the d~screte samples, 2-foot composite samples 

were collected from the top 2 ft of the boreholes to asslst m the ecologicai assessment study 

These samples were analyzed for the same consbtucnts as bted above, with the exceptton 

vocs 
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Followng the complebon of a bonng, 2-inch msidediameter PVC wells were mstallcd 111 

accordance wth SOP GT 06 in bonngs 59393, 59493, 59593, 59793, and 61293 A 0 5-mch 

PVC well was installed in bonngs 60993, 61093, and 63193 in accordance wth SOP GT 06 

The 2-inch wells were constructed inside 6-1/4-inch ID hollow-stem augers The bottom of the 

screened interval was located at or near the bedrocWalluwum contact Wells 59393, 59493, 

59793, and 61293 were installed with 5-foot well screens, and well 59593 was installed with a 

10-foot well screen (Figure 2 4 4 3-3) Silica sand was installed wthm the annulus between the 

borehole and the well casmg from just below the bottom of the screened mterval to from 0 5 to 

5 €t above the top of the screened mterval, dependmg on the th~ckncss of the alluwum above the 

screened mterval Bentomte seals were mstalled above the filter packs at bcknesses rangmg 

from 1 5 to 2 3 ft The wells were then completed by fdhng the remaning annulus with 

concrete, instalhng a steel, loclang, protectwe casing, and construchng a 3- by 3-foot concrete 

pad around the protechve casing 

Wells 60993, 61093, and 63193, contaming the 0 5-inch casing, were constructed inside 1-318- 

inch open holes In well 60993, the bottom of the 5-foot screen was placed 4 1 ft below the 

bedrocWalluvium contact In wells 61093 and 63193, the bottoms of the 10-foot screens were 
placed 4 and 5 6 fi below the bedrocWalluvium contacts, respectwely (Figure 2 4 4 3-4) In 

each borehole, sdica sand was mstalled w i h  the annulus between the borehole wall and the 

well casmg from the bottom of the screened mtewal to 2 to 9 9 ft above the top of the screened 

interval Bentomte seals were installed above the filter packs at thicknesses rangmg from 0 1 

to 0 9 ft The wells were then completed by filling the remamng annulus with concrete, 

instalhng a steel, lockmg, protectwe casmg, and constructmg a 3- by 3-foot concrete pad around 

the protectwe casing 
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All of the wells mstalled in IHSS 115 are bemg sampfcd on 8 quaraerly basrs The first round 
of quarterly samphg was conducted durrng June 1993 These  ground^ samples are 

analyzed for the followmg if enough groundwater is prcscnt at the trme of samplmg unfiltered 
total chrormum, berylhum, nitrate, gross alpha, gross beta, uranlum-233/234, ura~um-235,  
uran~um-238, p1utoruum-239/240, arrrenaum-241, TAL metab, TCL VOCs, TCL SVOCs, and 

filtered total urantum, plummum-239/240, cestum-i37, strOntlum-89/90, m m a u m - 2 4 1 ,  lead, 

total chromum, anions, and TDS 

Based on development and s a q h q  hutones, d y  two wells lin Mss 115 (59493 and 59593) 

W e r e  Judged be PrOdUCbVC ClEOugh b wf& h @a PU-g test 

performed on well 59493, and a dug &st was ped- on wedl 59593 (Figure 2 4 4 3-5) 

Well 59493 1s located within IHSS 196 The gedogx logs of well 59493 indicated the presence 

of permeable and porous mated, predomantly sand and gravel wth some clay, along wth 

landfill mama& mludmg glass, some wood chps, and metal pieces Three 0 5-inch diameter 
well points were installed as observation wells ( w d  pomts 63893, 63993, and 64093) at 

apprommateiy 3 , 6 ,  and 9 ft from the pumpmg w d  (Figures 2 4 4 3-5 and 2 4 4 3-6) The 
i n s t d h o n  of these well points is discussed 111- Secaan 2 4 4 2 3 above The pumpmg well 

(59493) was developed UI accordana wth SOP GW 02 The ob#ervat~on wells were deniopcd 

usmg a "rawhtdmg" mahod, whem the water is pumped and allowed ta fall back mto the 

wellbore repeatedly This procedure was repmted untd the well produced clean water 

Pnor to the aqwfer pumping test, a step test was performed wth a pensmitlc pump at well 

59493 to gather preltrmnary aqufe? data The data were used to dctcrmxne -mum pumpmg 
rates for the aqufer pumpmg test The results of tfus step-test m&cated that a smgie pump with 
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a pumpmg rate of 0 18 gallons per minute (gpm) was not sufficient to acheve analyzable results 

in the most distant observahon well Therefore, when the aquifer pumping test was performed, 

two penstalhc pumps wth a combmed pumping rate of 0 51 gpm were used A transducer was 

installed in pumpmg well 59493 to electronically record water levels In addihon, water-level 

readmgs were taken by hand in the pumping well with a standard water-level indicator to 

compare to the electromcally recorded water levels Water levels were taken by hand m the 

three observahon wells wth two 3/8-inch diameter Slope Indicator meters and one manometer 

The drawdown was monitored for 101 minutes The pump was then shut down and recovenng 

water level measurements were recorded 

Well 59593 is located downgradient of the Onginal Landfill near Woman Creek The lithologic 

logs of this well mdicated a permeable porous medium of unconsolidated clayey sand, and sand 

and gravel with abundant cobbles (Figure 2 4 4 3-7) A slug test was conducted using a bder 

Water levels were collected both electronically and by hand 

2 4 4 3 3 Resul$ 

The completed groundwater well program for the invesbgahon of the groundwater flowing from 

the Ongmal Landfill lncluded the mstallauon of a total of eight wells, three of which were miru- 

wells (Figure 2 4 4 3-2) The boreholes for these wells were dnlled approxlmately 5 ft mto 

weathered bedrock as proposed in the OU5 Work Plan (DOE, 1992a) 

Dumg the installauon of the five downgradient wells (59393,59593,59793,61293, and 63193), 

two of the 1ocaQons did not produce groundwater These well locahons were plugged, 

abandoned, and reclassified as boreholes 59193 and 59293 New well locahons were selected ! 

i 
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southwest of the on+ pmposed locatmn(Figwc 2 4 4 3-2) "IC mxwercd core was VIsUplly 

logged as the boreholes were advan&, a#xmiurg to SOP GT01 It was httr more closely 

examured and classfied Wmng sews an8 other quipmerrtat a cks~gnatd loggmg Mi@, as 

requued m SOP GT 01 The results of tlus effort m&ated that bedroek~tncounttred m the 

boreholes at dcpths mgmg from 7 to 15 4 ft ?he bedrock mated cunsisted of claystone and 

sandy claystone (Figure 2 4 4 3-3) 

Groundwater was encountered wtthm the alluwum at depths nrrrgrng from 6 1 to 10 5 ft at the 

hmC of dnilurg Of the five downgmhcnt wcils, oaly wells 595% and 63193 had ducanuble 
saturatedmtervalsatthat~ Theremvrung thrawdlsbadhttletonowater Cross-sccttcms 

in Figures 2 4 4 3-3 and 2 4 4 3-4 show the screed mtemiIs of these wells and the water 

levels measured duMg the most recent samplmg event 

Dunng the d d h g  of these boteholes, field monttomg was conducted on the core The 
morutonng results from the O W ,  thealpha and beta/gamma probes, and mdntron smears were 

all below background levels 

Mo rut~ng Well BorehQie S- The andyttcal results from the sod samples collected 

from the Mss 115 morutonng well boreholes av-e as of January 28, 1994 included TAL 
metals, radKltlucluks, pcst~ades, PCBs, SVOCs, and VOCs Table 2 4 4 3-1 presents a 

summary of results for metals and racbonucl~de amshtuents detected at concentratrons excecdurg 

BUTLs m the IHSS 115 groundwater mommnng well borehole sod samples In additron, Table 
2 4 4 3-1 presents a summary of rcoults for orgame co~stx&icnts @esttcrdes, PCBs, serm- 

volatdes, and volatlles) detected m the sod Sampies Figure 2 4 4 3-8 shows those constlhtents 
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that were detected m concentrahons exceeding background in sod samples from monitonng well 

boreholes 

Metals The TAL metals analyses resulted in SIX consbtuents (copper, chromium, nickel, sdver, 

zinc, and manganese) exceedmg BUTLs Two composite samples from well 59493 at depths 

of 0 to 6 3 and 6 9 to 12 9 ft had copper concentrahons (6,920 and 117 mg/kg, respecbvely) 

exceeding the BUTL In addihon to copper, the sample from well 59493 at a depth of 0 to 6 3 

ft had concentrahons of chromium, nickel, silver, and zmc exceeding BUTLs (77, 92, 36, and 

673 mg/kg, respecbvely) One composite sample from well 63193 at a depth of 12 to 20 A had 
a nickel concentrabon (85 mg/kg) exceedmg the BUTL, and one sample from well 59593 at a 

depth of 0 75 to 1 foot had a manganese concentrahon exceedmg the BUTL (1280 mg/kg) 

Radionuclides Radionuclide conshtuents were detected at concentrahons exceeding BUTLs in 

two soil samples collected from IHSS 115 morutonng well boreholes Plutonium-239/240 was 

detected in a soil sample collected from monitonng well borehole 59193 at a depth of 2 to 8 ft 

at a COncentrahOn of 0 065 pCi/g It was also detected m a sample collected from monitonng 

well borehole 59793 at a depth of 6 5 to 10 8 ft at a concentrahon of 0 074 pCi/g 

One   sate Simple taken dunng the instauahon of well 59593 had a uranium-233/234 

concentrabon of 0 73 pCdL If umium-233/234 was detected in the sod samples collected 

using this equipment, a detecbon of this consutuent in the nnsate could be important It may 

have indicated that inadequate decontaminahon of field-sampling equipment may have affected 

the soil sample results However, because all of the soil samples had concentrahons of uranium- 

233/234 well below the BUTL, th~s detechon was judged to be insigmficant 

i 
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1- Onc pestmkaxJsbtuent was detected ma 
sod sample taka from momtoring well borehole 59493 at a depth of 0 to 6 3 ft Aroclor-1254 

was detected at a concentrat~on of 630 pg/kg 

Semi-Volatxle m c  SVOCs were detected xn aght samptes from four 
morubrmg well borehoies (59493, 59593, 61293, and 63193) m DHSSs 115 and 196 Table 
2 4 4 3-2 details the locaaons, sample numben, depths, number of constmmts detected m each 

sample, and the range of concentrattons detected m each sample 

In add~tton to thc SVOCs dtsmsed above, 26 TICS wetrc deseccad m sod samples coUoctcd fronr 
the IHSS 1151196 monttanng well boreholes The cst~matcd m-mm of these compouMfs 

ranged from 77 to 2,700 pg/kg 

~ O m a n U : ~  Sod samples from SIX of the eight momtonng well boreholes m 
IHSS 115 had detemble VOCs as did soil samples from both of the locatxons that werc 

converted to boreholes Table 2 4 4 3-3 detarls the locations, sample numbers, depths, number 

of consbtuents detected m each sample, and the range of cmcemamns detected m each sample 

Two constituents, methylene chlonde and acetone, were also found m a nnsate sample collected 

dunng d&g and samphg mvrt~es at momtonng weil borehole location 59593 on June 15, 

1993 These constituents wuedetacteh M the msate sunpie at umcentratlons of 1 and 13 pg/L, 

respectwe1 y 

Monimiz Well G V  The anaiyt~cal results of the groundwater samples 

collected from the mo~tonng wells at MSS 115 dunng the quarterly samphg events avadable 

as of January 28, 1994 include TAL metals, rad~cmuchdcs, pestlcldes, PCBs, SVOCs, and 



EG&G ROCKY FLATS PLANT Manual 21100-wP-0u05 1 

Amended Field Sampllng pian page 2-93 of 2-216 
Techxucal Memorandum No 15 Section 2 0, Draft Final Rev 0 

Volume 2 Effectme Date LMay 13, 1994 
Category 1 Orgarmation Environmental Remedmtion Div 

VOCs Table 2 4 4 3-4 summanzes the results for TAL metals and radionuchde conshtuents 

detected at concentrahons exceedmg BUTLs in the groundwater samples Table 2 4 4 3-4 also 

summarizes the results for orgaruc COnShtuents detected m the groundwater samples 

Metals The TAL metals analyses idenhfied three unfiltered samples contatnmg 21 conshtuents 

(aluminum, banum, berylhum, calcium, chromum, cobalt, copper, iron, lithum, lead, 

manganese, magnesium, mercury, nickel, potassium, sihcon, sdver, vanadium, stronhum, tm, 
and zmc) that exceeded BUTLs (Table 2 4 4 3-5) One sample collected from well 59493 on 
June 24, 1993 had 15 mnatuent conccntfatlons exccedmg BUTLS A sample taken from this 

same well on August 11, 1993 had s u  COnShtuent concentrattons exceeding BUTLs A sample 

taken from well 59593 on June 24, 1993 resulted in 20 conshtuent concentrahons exceeding 

BUTLs 

Radionuclides, Radionuchde conshtuents were detected at concentrahons exceeding BUTLs m 
four of the groundwater samples collected to date from the IHSS 115 groundwater momtonng 

wells These four samples came from wells 59493 and 59593 Two samples from well 59493 

collected on June 24, 1993 and August 1 1, 1993 contamed plutomum-239/240 at concentrahons 
of 0 13 and 0 17 pCdL, respectwely The sample collected on August 11 also contamed 

amencium-241 and radium-226 at concentrahons of 0 046 and 4 4 pWL, respecnvely A 

groundwater sample collected from well 59593 on June 24, 1993 contatned amencium-241 at 

0 039 pCdL and one collected on August 13, 1993 contamed radium-226 at 3 5 pCi/L 

Peshcides and Polvc hlonnated Binhe nvls PCBQ 

detected in the groundwater samples collected to date in the IHSS 115 monitonng wells 

No peshades or PCB conshtuents were 
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T ~ R X  groundwater sampiueukctal tu date from the MSS 
115 momtonng wclls contamed detechble SVOCs (Table 2 4 4 3-6) A sample collected from 
well 59493 on June 24, 1993 amtamed men SVOCs at amccn8mhcms rangmg from 3 to 13 

pg/L A second sample from dus well, collected on August 11,1993 amtamed seven SVOCs 
at concentraaons ran= fnnn 2 to 9 pg/L A =pic collected from well 59593 on Augwt 13, 

1993 COntiuIKd one SVOC at a ccmmmm of 6 @L 

In addrtton to the SVOCs d~scusscd above, one TIC was detbcGed m a gmdwater  sample 

collectsd from well59493 on Itme 24,1993 This COmPOUIIQ was dckcted at a concamaon 

of 9 6 p f i  (T&k 2 4 4 3-6) 

-0tnarUcCcunOpuoips One groundwater sample collected to date from the IHSS 115 
momtonng wells contamed a de&cttble VOC Thrs sample was collected from well 59493 on 

August 11,1993 The sample cmmued methylene chlondc at a coRcentfatlQn of 6 pg/L 

w e r  TestBes;rrltd; Table 2 4 4 3-7 provdcs a summazy of the IHSS 115 aquifer tests 

analyses The qwhr test d y s s  oomputcr softwart AQTEsOLV (GerPghty & Wer, 1989) 

was used to paform these analyses The aqwfkr test data from pumpmg well 59493 and 

observatm well 63893 were analyzed uslng the Neuman (1979 mcthod for unsteady flow to 

a well rn an wmnfin&aqu~&wtth delayed gravity respoau# (Fqprcs 2 4 4 3-9 and 2 4 4 3- 
10) The Theu (1935) method fw unsteady flow was used to analyze data from observatton 
wells 63993 and 64093 (Figures 2 4 4 3-9 and 2 4 4 3-10) The results of the analyses for wells 

59493 and 63893 were slrmlar wth transmrsslvltles HI the range of 0 02 to 0 05 square ft per 
m u t e  (Figures 2 4 4 3-9 and 2 4 4 3-10) Analyses of the data from wells 63993 and 64093 
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resulted in transmissiviues of 0 20 to 0 23 square ft (Figures 2 4 4 3-9 and 2 4 4 3-10) The 
range in hydraulic conductlvities is consistent with expected heterogeneihes 

The slug test data from pumping well 59593 were analyzed using Bouwer and fice’s (1976) 
- method for slug tests in unconfined aquifers This analysis resulted in a hydraulic conducmty 

of 4 3 x loJ ft per minute However, analysis of the data indicated that it may not be 

representative of the formatlons charactenstlcs (the data may represent the hydraulic conductmy 
of the filter pack) 

2 4 5  Stage5 

Stage 5 activities at IHSS 115 involved investlganon of the storm sewer pipelines that protrude 

from the IHSS 115 area The following subsectlons discuss the implementahon and results of 
this investigauon 

2 3 5 1 Invesuganon of Storm Sewer 

This section descnbes the acuvities performed I invesbgate the storm sewer pipelines These 
activities included collectlng a one-time sample of the water discharging from the achve pipehe 
and performing a video-camera survey of the storm sewer system to deternundvenfy 
connections and the source of the constant discharge from the system 

3 2‘ 
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2 4 5 1 1  

Monitonng site SWSOO (see Figure 2 4 3 4-1) is located at the outfau of the stom sewer system 

which &scharges from the 400 Area of the RFP industnakd ama lnto !he SID (Figure 2 4 5 1- 

1) The storm sewer system IS constructed of reurforced concrete pp BCP) ran- UI 

dnmeter from 15 to 30 inches within the mndustnahd area and corngated metal pipe (CMP) 

ranging in dlamcter from 36 to 54 inches w i t h  the south buffer zone The en- SjnBern 

consists of 4,014 linear ft (If) of underground storm sewer pipe, wtuch is dtvided lnto 26 

segments, each sepamtcd by a manhole or inlet (Table 2 4 5 1-1)- This stom sewer system 

collects surface water runoff, pnmanly from povlang lots and roofbps The mtenor of the 

entrre system was v i d y  inspected m g  a closedclrcut telmsion (CCTV) camera and 

monitor Th~s CCTV inspection used the procxd- outhui in the Enwonmental Fbtoratmn 
Management Instruchon Manual for Video Inspcc~on of plpehcs, 21000.SUI-SW 01 

A one-bme streamlditch sample was coilected at mmtmng site SWSOO on octobcr 5, 1992 

(Table 2 4 3 4-4) Thrs sample was processed for Iaboratary analyses for the four general 

categones of chemical constrtuents as indicated III Table 2 4 3 4-3 

The CCTV inspectm of the intenor of the entue storm sewer system was conducted by 
subcontractor personnel in an effort to determine the soutce of the contlzluow flow of water 

from the downstream end of the system The i q ~ ~ t t o n  was begun on Apnl 13, 1993 and 

finished on A p ~ l 2 3 ,  1993 The work was done segment-by-segment by manually puilxng a 4- 

inch CCTV mounted on a slad m a downgradient dlrechon, wtule vIewmg the pipe condmons 
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on a television monitor and recording the results on tape using a video cassette recorder (VCR) 
A hand-wntten log was prepared dunng the video taping which documented the pipe length, sm 
and type, and the condiuons viewed on the monitor 

T- 
2 1 5  1 3 Results 

Analytical results of the single 400-Area storm-sewer sample are included in EG&G (19933, 

Appendix Tables J-1 through J-4) The source of water was attnbuted to groundwater collected 

by the Building 447 foundauon underdm system, and therefore, the analybcal results have been 

compared to BUTLs for groundwater No parhcularly elevated mncentraQons were noted for 
radionuclides, trace metals, or pnonty pollutants (organic consutuents) associated wth these 

resultant analyses 

For the most part the storm-sewer svstem had only small rocks and sediment along its invert, 

some slight groundwater inflows at joints and manholes, and an occasional 6-inch PVC roof 

dram connection entenng through the top part of the pipe However, a COnhnuOuS dry-weather 

discharge was seen entenng the system through a 12-inch CMP at Manhole 2 from the Buddmg 

447 foundation underdmn system (Jacobs, 1994) Manhole 5 had an intermittent high-velocity 

inflow which entered the manhole through a 6-inch PVC located at the southeast comer of the 

manhole This inflow appeared to be pumped into the manhole from a sump pump Based on 
the location of the pipe, the flow is assumed to be coming ftom Building 440 or the evaporanve 

cooling tower located along the west side of Building 440 
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2 4 6  Ambrent Au Momtormg 

Ambient iur monitonng was conducted to assess surtKwne d~speftraa of radmachve matenah 

from RFP into the surrounding area and also to rnveshgate the pnmary rciease rnechamm of 

fugitlve dust wind erosion of radiologically contaminated surfaa soils from IHSS 115 and MSS 

133 in OU5 Health and safety (H&S) rnonitonng for pemnnel protectron prowdd some 

addittonal infornabon about the potentd release mcchillllsLtls of vohtduatxon of orga~c gases 

and of arttome transport of radiological contarmnants and hazardous matfnals from su r f i d  and 

subsurface sods 

2 4 6 1 Introducaon 

An extensive an monitonng network known as the Ra<lloactwe Ambmt Air Monitonng Program 
(RAAMP) is mantarned at RFP in order to morutor a h m  &sperslon of radmct~vc matends 
from RFP facilibes The focus of RAAMP is drrccted towards collection and documentabon of 

ar data and producbon of environmental reports (EG&G, 1991a) Twenty-three onslte samplers 
are located within RFP, concentrated near the man hch~e-s area (Figure 2 4 6 1-1) Fourteen 
penmeter samples border RFP along thc major highways to the east, south, north, and west 

(Figure 2 4 6 1-1) There are currently seven ar monxtonng scatrons (S-10, S-11, S-13, S-14, 
S-23, S-37, and S-38) near the Woman Creek dramage Fourteen commmty samplers are 

located in metropolitan areas ad3acent to RFP (EG&G, 1993k) 

Three samplers were installed m November 1992 specifically to momtor ambtent donuchic 
levels around OU5 (Figure 2 4 6 1-2) Sampler S102 is located north and west of OU5 as an 
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upwind monitor 
downwind of IHSS 133 

Sampler S 100 is situated downwind of IHSS 115 Sampler SlOl is placed 

Ambient a r  quality in the immediate vicinity of an IHSS dunng field acuvihes can be inferred 

from the results of H&S monitonng that was conducted dunng the Phase I RFURI inveshgahons 

Dunng all ground-disturbance achvitres at OUS, such as dnlling bore holes and instahng sod 
gas probes. an assigned H&S person routinely and frequently monitored the immediate locanon 
of the ground intrusion and any extracted soil samples for volahle organrc gases and radmon 
The H&S person also penodically monitored the breathmg zones of workers 

2 4 6 2 Sampling Procedures 

EG&G Rocky Flats, Inc , Environmental Monitonng and Assessment Technologists (EMAT) 

operate and mantam the RAAMP samplers Samplers operate conunuously at a volummetnc 

-. flow rate of approximately 12 liters per second (Lis) (25 cubic ft per minute (fe/mm)), 
collectrng a r  parucles on 8- by 10-inch fiberglass filters Manufacturer’s test specificahons rate 

this filter media to be 99 97 percent efficient for relevant parhcle sizes under conditions typically 

encountered in routme ambient an sampling 

Performance data on the samplers are collected by EMAT on a weekly basis RAAMP filters 

are collected biweekly Once a month, the two filters collected from each iilr monitonng stabon 
are composited pnor to isotopic analysis Demled procedures descnbing the a r  sampler 

operations, filter exchange, filter preparation for analysis, RAAMP documentabon, and repomng 
requirements are conmned in EG&G SOPS These a r  samples are analyzed according to the 

I 
i procedures outlined in the General Radiochemistry and Routrne Analyhcal Services Protocol 
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(GRRASP) (DOE, 1992a) All rouhne ambient au filters are anatyrtcd for pbutorUum-239/240 

(EG&G, 1993k) fight selected onslte ambient an filters are also analyzed for amenci~un-241 
(EG&G, 1991a) 

The M A T T  staff operated and mnmncd thc thrce OUJ iur samplers accmhng to the same 

procedures as the RAAMP samplers Filters from thest three speclal sampleas were analyzed 

as are those from the regular RAAMP sampltrs 111 ammiawe wth procedures speclficd M SOP 
AP 13 All specral samplers wdl become permanent stes m €he RAAMP network 

H&S monitonng of orgamc gases was pedormed vvlth a Thernro En-tal S8OB OVM 
At the beginning of each work day, pnor to any field actnmes, an asmgncd H&S plonon 

calibrated the OVM to a reference gas of 100 ppm isobutylene accmhg to manufacturer's 
insuucuons Dunng dnllrng and bonng for soil samples, the HkS person passed the OVM over 

the extracted sample before the sample was colIe!cted When do= m t o n n g  of a ml sample 

or the locanon of ground mtrusion indicated elevated kveh of orga~c gases, the H&S person 
would penodically monitor the breathing zones of the field workers wtb the OVM 

The H&S penon followed si& procedures for radmhgcai mommnng d m g  fieid a c t ~ w ~  

A Ludlum 12-1A meter was used for monitonng alpha radmt~on, and a Ludlum 31 ~ n s t r u m t  

was used for monrtonng beta and gamma radmoa An assigned H&S person conducted wud 

and performance tests and a source check on each instrument diuly befm any field actwties 

Procedures for calibramg radiological instruments are outlined in the Environmcnsal 
Management Radiological Guidelures (EG&G, 199421) Monitoring dunng d d m g  followed a 

procedure identical with that for organx gases, that is, every extracted 111terval of sod d u q g  

the dnlling of a borehole was screened wth both the alpha and the beta-gamma met#s before 
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the sample was handled for sample collection 

indicated by elevated field readings 

Personnel monitonng was performed when 

2 4 6 3 Results 

Ambient a r  monitonng data collected by the RAAMP for selected locauons associated with OU5 

were examined (Table 2 4 6 3-1) These RAAMP sampler locaaons are shown in Figure 

2 3 6 1 - 1  Because prevaling winds are from the west and northwest, S-32 can be considmd 

the most isolated background (upwind) sampler of the RAAMP network S-13 and S-14 can also 

be considered upwind of OU5 S-13 is north of IHSS 115, and S-14 is north of IHSS 133 S-23 
is situated directly below IHSS 133 in the Woman Creek dmnage and, hence, is a candidate 

sampler ror assessing OU5 emissions S-38 is also in the Woman Creek dmnage at the east 
facilitv property line on Indiana Street 

That RAAMP data surveyed were for the time penod dunng which the special OU5 samplers 

have operated and have had results reported, that is, from October 1992 through August 1993 

The RAAMP filters are analyzed only for plutonium-238 and plutonium-239 Cauaon is 

required in interpreting the representameness and accuracy of individual values, as occurs when 

sampling penods are short The measured concenuauons of radionuclides are at or very near 
background, and often there is little or no amount of these matenals on the filter media when 

this is the case, data must be reviewed carefully for anomalies, laboratory analytical blank 

values and propagated statistical counting uncemnty 

With S-32 considered as the background upwind sampler, the average plutonium-238 results of 
the other four samplers examined are within the same order of magnitude as background (An 

I 
I 
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explanabon of the S-23 plutonium-238 results has not yet been made ) Piumum-239 results 

for S-13, S-14, and S-23 samplers average one order of magmtude greater than the background 

sampler, while the S-38 plutonium-239 results average two orders of magnikrde g r a m  

background 

Analysis and validabon ot the ambient an data from the three spexxal samplers for OU5 have 

been slow As of March 1 ,  1994, results of 12 samples from each momtor represatmg the 

penod from October 9, 1992 to August 4, 1993 have been en&ercd utto the RFEDS Each 

samples has been analyzed for amencrum-24 1 ,  plutor11um-239/240, murn-233/234, umnitun- 

235, and uranium-238 Of the 12 samples, d y  the first two samples (October 9, 1992 and 

November 10 1992) have been vahdated The remning ten samples rcmam m the valtdatron 

process All data for radionuclides should be used as detects, except for data rejected m the 

VdldahOn reviews (Appendix B) Analybcal results for the OU5 au samples are presented m 
Table 2 4 6 3-2 k n p h v e  stabshcs are based on accepted dam plus rnvabdated data stdl ut 

the validatlon process 

Examinauon of the special OU5 sampler data mdxates that the umium-233/234 and uranrum- 
235 results are within the same order of magnitude for both the S-100 sampler hwnd of 

IHSS 1 15 and the S-102 sampler upwind of OU5 These prelimnary data appear to inbcate no 
discernible contnbutrons to ambient concentmoons of ather uranulm-233/234 or unuuum-235 

from IHSS 1 15 The amencium-241, plutonium-239/240, and umum-238 average 
concentratsons for the downwnd S-100 sampler are one order of magmtude greater than the 

average concenvatlons of the upwnd S-102 sampler Conmbutxons to ambient concenteattons 

of amencium-241, plutonium-239/240, or uranium-238 by IHSS I15 appear possible In all 
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cases, for all data, conclusions about possible radionuclide emissions from IHSS 115 can be 

made only after complete staustical analysis of validated data 

Results of the H&S monitonng that was done dunng the field invesbgatlons of IHSS 115 promde 

a quaiitatwe indicatlon of potential ax pathway nsks attnbutable to this source Elevated 

organic vapor readings of 22 3 ppm were observed dunng investigahons at locahon 57893 and 

7 ppm at locauon 58393, both in IHSS 115 Dunng field tnvestigabon of HPGe anomalies B-7 
and B-8, beta-gamma monitonng registered 6O.OOO counts per minute (cpm) on one occasion and 

lO,OOO-80,000 cpm on another 

2 5  IHSS 133 (ASH PITS, INCINERATOR, AND CONCRETE WASH PAD) 

The toilowing sections discuss the Phase I RFI/RI activities conducted at the Ash Pits (IHSS 

133 1 to 133 J), Incinerator (IHSS 133 5), and Concrete Wash Pad (IHSS 133 6) 

2 5 1  Stage 1 - Review of Exlsting Data 

The OU5 Work Plan specified that histoncal aenal photographs of the IHSS 133 area be 
reviewed to determine the extent of each of the disposal areas The review of the photograptuc 

coverage of IHSSs 133 1 through 133 6 indicated that 133 1 and 133 3 are apparently mislocated 

on Figure 2 6 of the OU5 Work Plan (DOE. 1992a) and that other suspect features exist that 

required investigatlon in subsequent stages of the investlgabon 

Dunng the course of this investigatlon, it was determined that the locabon of IHSS 133 1 as 

shown on Figure 2-6 in the OU5 Work Plan and in the first several TMs prepared was I 
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erroneous 
previously idenafied as belonging to IHSS 133 3 

As shown on Figure 2 5 1-1, IHSS 133 1 1s acnraUy the mrthm most trench 

IHSS 133 3 zs clearly defined on an oblique a e d  photograph taken June 6, 1969 and is located 

approximately as shown on Figure 2 5 1-1 In addihon, the pit that comprises IHSS 133 3 can 

be identlfied on a 1964 anal photograph (EPA, 1988) and scaled to the map at a locatton that 

is in agreement wlth the locauon shown on the 1969 oblique photograph 

Other featwes idenhkd on the @mqraphs m EPA (1988) d u d 0  a t m e h  to the south of 

IHSS 133 5 (idenofid on the 1964 photograph), an ash dump to the north of IHSS 133 5 

(ldenafied on the 1988 photograph), and an ash dump and possible pit to the north of the above 

site (1969 photograph) A north-south ash pile extending into the area pmously identdicd as 

IHSS 133 1 was also identified on the 1964 photograph, but could not be seen on later 

photographs 

Two areas of disturbed ground were also located in 1955 and 1969 photographs These are 

located to the west of the m n  access road to RFP and to the west of the IHSS 133 area 

Subsequent photographs of these areas indicate no further disturbance These areas were 

probably related to road construcaon 

Additional photographs wcrc m t l y  obtatned from several a e d  photogrash mmpatuu that 

cover the years that were absent in the photographs pmously awlable As discwsed rn 
Sectlon 2 5 2 2, these photographs confirm the presence of at least two addmod pts not 

previously iderthfied 
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2 5 2  Stage2 

Stage 2 activities at the IHSS 133 sites included surface radiological and geophysical surveys, 

as were specified by the OU5 Work Plan 

2 5 2 1 HPGe and FIDLER Survevs 

A radiation survey of the IHSS 133 area was initiated in the summer of 1992 using tnpoci- 

mounted, HPGe gamma-ray detector instruments This inihal survey did not cover the cntm 

IHSS 133 area and was followed by a truck-mounted HPGe survey configured to count actmty 
over a larger area and to provide full coverage for each of the IHSS 133 sites In addihon to 

the HPGe surveys, a FIDLER was used as an a d  in focusing sampling invesugabons within 

anomalies identified by the HPGe survevs 

2 5 2 1 1 Introduction 

The HPGe system is used to detect gamma radiation from radioactive elements and/or theu 

associated daughter products Because some of the elements are either weak or non-gamma 

emitting, their activities must be extrapolated from gamma emitting daughter products in the 

decay senes 

The activities reported for the HPGe are based on the assumpuon that there is a homogeneous, 

three-dimensional distnbution of the radioactlve element within the soil matnx, and the HPGe 

data reduction algonthms average the activity over the top 3 centimeters of the soil This 

assumption notwithstanding, radiation from a point source can also be detected by the HPGe, 

a 2= 
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although, its specific locatton within the HPGe's rebvely large field of view is not definad 
The HPGe's field of view is dependant upon a number of vanabla, among them are the height 

of the detector instrument above the source and the amow of gamma energy eAlltted by the 

radioactwe element These assumphons and opcratmg condi€mns pve the IBpGe the abhty to 

survey and speciate radioactwe elements over large areas in a relatrvely short amount of trmc 

Once anomalous areas are identrficd, FIDLER surveys were conducted on a close spaced gnd 
can be used to defme the precise locauon of a point source or to detcmunc the lirmts of a dtffise 
source 

The 1992 tnpod-mounted HPGe d a h o n  survey of the IHSS 133 mea used, single crystal, 

HPGe gamma-ray detector instruments operamg at a height of appro~matdy 3 ft At thrs 

height and assuming the source was amencium-241 with a gamma radiatron energy of 0 06 

MeV, 90 percent of the radiatron detecded occurs w i b n  an approximate 40-foot dmeter field 

of view A 150-foot gnd pattern was used for the survey The gnd spang coupled wth the 

40-foot countrng area gave HPGe coverage of approximately 5 percem of the total surface area 

of the IHSS 133 area 

To increase radiatron survey coverage of IHSS 133, a second HPGe survey was conducted 1~ 

the spnng of 1993 using a truck-mounted system The second survey used an array of SIX, 75 

percent N-type HPGe detectors operaang at a height of apprommately 20 ft At this haght, and 

assuming the source is pmactrnium-234 (protactmiurn-234 is a daughter product of uranium-234 
which was detected dunng the 1992 survey) wth a gamma radiation energy of 1 Mcv, 91 

percent of the radiamn detected occurs within an approximate 230-foot diameter field of view 
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The 1993 survey used a gnd spacing of 150 ft, which coupled with the larger detechon field, 

resulted in full survey coverage of the idenufied IHSSs 

Survey stations for both the 1992 and 1993 HPGe surveys were located by a giobal posiQomng 
svstem which provided the coordinates for each stauon on a real-time basis with a 3- to 15-foot 

accuracy HPGe survey locations were marked in the field and were later used as reference 

points for the FIDLER survevs 

- 

FIDLER surveys within each of the HPGe anomalies were conducted on a gnd to ensure 

systemabc coverage of the areas The FIDLER surveys were conducted according to the 

following procedure 

0 construct a square survey area measunng 300 ft on each side, which extends 150 ft 
north, south, east, and west of the staked bcahon of each HPGe radiauon anomaly, 

0 construct survey base lines onented north to south along the eastern and western 
limits of the survey area and post pin flags at intervals of 4 fl along the base lines, 

record a 1-minute background count before entenng the area to be surveyed, 

conduct the FIDLER survey along east to west gnd lines defined by the pin flags 
with the instrument set on fast response and while slowly moving the instrument in 
a 2-foot arc from north to south on both sides of the survey line, 

0 stake locations that exhibit counts greater than background 
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2 5 2 1 3  Rtsults 

The 1992 and 1993 HPGe survey, reported radioact~vity in p~cocunes per gram for potassum- 

40, cesium-137, rad~um-226, thonum-232, uranmm-235, and uranium438 Table2 5 2 1-1 and 

Figure 2 5 2 1-1 present data from the 1992 HPGe suwcy, Table 2 5 2 1-2 and Figure 2 5 2 1-2 
present the 1993 WPGe survey data The results of the two swveys are dscuss#l blow 

Po- Potassium40 is a naturally-occurnng miimuclide that is not known to be 
assoaated with RFP The HPGe surveys prvwKkd no evldena to nubate anomalous act~~~ttes 

for potasslum-40 m IHSS 133 

Cesium-137 Cesium-137 aaviues of 0 4 pCi/g or higher are inchcatwe of areas wheze the 

ground surface is relaavely undisturbed This deteminaaon is basad upon a comparison of 

cesium- 237 data with aenai photographs showing the onginai topography of the area Areas of 
cesium- 137 acuvity greater than 0 4 pCdg represent fallout that is restdual m undrstwbed sullfa# 
soils Lower cesium-137 actlvibes represent areas where the ground surface has been dtsturbed 

by mixing or covenng undisturbed surface soil with s u b s W b  Sotts that were not dmctly 

exposed to fallout 

Acuvities for cesium-137 were low along the IHSS 133 access road, at the Concrete Wash Pad 

(IHSS 133 6), at the Incmerator a m  (IHSS 133 5), dong the dmnage dit&, at the IHSS 133 2 
and 133 4 Ash Pits,  and in some locations along the bank of Woman Creek Acttvltles 

exceeding 0 4 pCdg are dormnant in the east half of IHSS 133 and in other areas where 

undisturbed ground is apparent in oblique aenal photographs 
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Thonum-232 Thonum-232 is a naturally-occurnng radioactwe element Thonum has been 

used in several ways at RFP since 1952 (CDH, 1992) No evidence of releases of thonum 111 

the IHSS 133 area has been found The results of the 1992 tnpod-mounted survey mdicate that 

thonum-232 actlvity ranges from 0 8 to 1 4 pCi/g and average about 1 pCdg m the th~cker 
alluvial sediments, which predominate at higher elevatlons on the northern pomon of the slte 

Activity incrases to an average of about 1 5 pCi/g on the lower elevahons that are predomtnant 

on the southern poruon of the site The 1993 truck-mounted HPGe survey prowdcd no 
addihonal informaQon to indicate thonum-232 actlvity was related to anything other than ~ t u r a l  

sources 

Radium-224 Radium-226 is a daughter product denved through the decay of naturally 

occumng uranium-238 Inferred activitles of radium-226 are calculated from the aChVIhes of 
lead-214 and bismuth-214, which occur after radium-226 in the uranium-238 decay senes 

Therefore if a state of equilibnum exists, HPGe survey stabons with the highest radium-226 

activihes should also exhibit the highest uranium-238 actlvities This relatlonship is useful 111 

evaluating uranium-238 actlvihes as descnbed below 

Uranium-232 In-situ activitles of uranium-235 are denved from the dlrect measurement of 
gamma-ray emissions from the uranium-235 radioisotope Elevated uranium-235 acnvity occurs 
at HPGe survey stauon F10 (0 375 pCi/g) The elevated acuvity corresponds to anomalous 

uranium-238 actlvity descnbed below 

Uranium-238. Actlvities of uranium-238 are extrapolated from the gamma achvity of thonum- 

234 and protactmium-234, which are daughter products that occur immediately after u m u m -  
238 in the decay senes The 1992 tnpod-mounted HPGe survey data indicated anomalous 
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uranium-238 acuvity at survey stauons F08 (7 55 pCdg) and FIO (21 7 pCl/g) These actlvltt# 

are considered anomalous because radium-226 anomal~es of proporbond magmtude were not 

detected at stauons F08 and F10 Survey stabon F08 is located mmcdiatcly north of IHSS 

133 4, while F10 is located between IHSS 133 4 and IHSSs 133 1 and 133 3 (Rgure 2 5 2 1-1) 

The 1993 truck-mounted HPGe survey corroborated the an- achwty at NPGe stabon FlO 
Stauon F10 exhibited uranium-238 acuvity of 18 8 pCdg, and there was not a comspondtng 
increase in rad~um-226 acuvity at this locabon The absence of elevated radium-226 act~Mty 

dunng the 1993 survey confms that utaluum-238 achwty at HFTh s w e y  mtum F10 IS M y  
due to an introduced source 

The 1993 truck-mounted HPGe survey did not corroborate the anomalous actiwty detected by 
the 1992 survey at statton F08 On€y 2 61 pCdg of umuum-238 actswty was detected at 

locauon F08 dunng the 1993 HPGe survey The reason for t h e & h c e  between the two 

surveys is not known, although, the actiwty detected dunng the 1992 tripod-mounted HPGe 
survey may be related to contaminated scrap metal 111 the viaruty of F08 that was idcnbfid 

dunng the FIDLER survey, the results of which are descnbed beiow 

FIDLER surveys of the uranium-238 anomalies a& F08 and FfO were conducted to mort 
precisely determme the dimcnnons of the anomalous areas Dunng the FIDLER survtys, the 

locauon of the anomaly at HPGe stahon F10 was confirmed The FDLER survey indicates that 

the anomaly is a distnbuted source, approximately 35 ft wide and 76 ft long, wth actiwty of 

approximately 5,000 cprn The area is located immedmteiy to the south and downslope of a 

small mound and depression in the topography The mound and depression are adpcent to one 
another, and each have dimensions of about 51 ft long by 43 ft wide and exhibit actiwty of 
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2,500 cpm, which is consistent with background for the FIDLER survey No histonal 

informauon regarding the ongin of the mound and depression was found during inveshgatlon 

of this area 

The anomaly associated with the 1992 tnpod-mounted HPGe survey at stauon F08 was not 

confirmed by the FIDLER survev This result is consistent with the findings of the 1993 truck- 

mounted HPGe survey for the same location However, the FIDLER survey idenufied one 
anomalous area in the vicinity of HPGe survey muon F08 The anomaly (6,637 cpm) is located 

between HPGe stauons F07 and FO8 and is associated with a pde of scrap metal (Figure 2 5 2 1- 

2) 

Based upon the results of the two HPGe surveys and the FIDLER survey, a surface soil sample 

and borehole samples were collected near the northern boundary of the anomalous area The 
soil sample location was coincident with the area of greatest acuvity as defined by the FIDLER 

survey No samples were collected at HPGe survey staQon F08, nor were samples collected at 

the FIDLER survey anomaly in the vicinity of HPGe stauon F08, because the scrap metal source 
was not commingled with the soil The results of the surface soil sample and borehole sample 

analyses are discussed in Secuons 2 5 3 1 and 2 5 3 2, respecuvely 

2 5 2 2 Geophysical Surveys 

- Frequency-domatn EM and magnetometer geophysical surveys were conducted in IHSS 133 from 

October through December 1992 In addition, a time-domam electromagneuc (TDEM) suwey 

was conducted in IHSS 133 from January through February 1994 This TDEM survey was 

performed with a Geonics EM61 instrument, a new technology which was not avdable at the 
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time the other geophysical surveys were performed or when the subsurfkc sod samphg plan 
(TM7, see Secuon 2 5 3 2) was generated The performance of these suweys was speafied by 
the OU5 Work Plan and further detatled in TM2 (EG&G, 1992a) Implernent&on and rtjufts 

of these surveys are discussed in this section 

Frequencydomam EM swveying is used to determure ground conductlvlty and conducovq 

anomalies associated with such things as buned waste pts and trenches, IandfW, sludge 

lagoons, bund drums, or leachate plumes A contmuously transffut#6 pnmary EM field 
cream an eddy current flow in the subsurface "Ius md- a smallex secondary EM fsld 
which is measured by the gcophyslcal instruments in the pmertcc of the larger pnmsry fkld 
The measured components of this field are the quadrature phase component (measmng ground 

conductivity) and the in-phase component ("metal detectron" mode) Effective penetramn depth 

is on the order of 15 ft 

Magnetometer surveying is used to delmeate locations of metaUlc objects, such as bund drums 

or pits/trenches/landfills with ferromagnets debns by measuring I d  vanatlons in the earth's 

magnetic field caused by these objects 

The pnnciple of operauon of TDEM surveying is slmilar to that of frequencydomn SUNCylng 

The major difference is that in TDEM surveymg, the transrmtttr generates a pulsed p r m q  
magneuc field, which induces eddy currents in nearby metalhc objects The eddy current decay 

produces a secondary magnehc field By talang the measurement at a relatwely long bme after 

the start of the field decay, the current induced in the ground has fully dzmpated, and only the 

current in the metal is shll producing a secondary field This secondary field is m e a s u r e d  m the 

absence of the stronger pnmary field as a voltage in the m v e r  coil dunng ths off ume This 

z35 
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results in an enhanced signal response from bund targets, resulhng in improved idenufication 

and excellent lateral resolution of those targets 

2 5 2 2 1 Introduction 

The OU5 Work Plan specified the pertormance of surface geophysical surveys at IHSS 133, 
specificallv magnetic and EM surveys A trapezoidal area was evaluated at IHSS 133 with these 
e oeophvsical survevs The coordinates of the comers defining the trapezoidal area are as follows 

SW Comer N747,220 E2,078,230 

SE Comer N747,220 E2,080,850 

NE Comer N748.100 E2,080,850 

N W  Comer N747,620 E2.078,230 

The survey area shown on Figure 7-2 in the OU5 Work Plan was reduced along the northem 

side because of geophysical interference by the cham link fence at the buffer zone penmeter and 

the Southern Pacific hlroad track which serves RFP Within this trapezoidal area, a basehe 
parallel to and located approximately at N747,600 ft (Colorado State Plane Coordinates) was 

land surveyed and assigned a zero north-south coordinate This baseline was marked by visible 

flagged stakes every 12 5 ft Within this area, the magnehc and EM31 geophysical surveys used 

I ond traverse lines running north to south and spaced 12 5 ft apart The EM61 geophysical 

survey used resurveyed gnd traverse lines spaced 5 ft apart, running north to south The 
westemmost north-south gnd traverse line located at E2,078,230 was assigned a zero coordmte, 
with all lines measured east of this baseline Geophysical traverses were terminated along the 

south where the actwe channel of Woman Creek was encountered 
I 
1 
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Tnal survey traverses were made across OU5 from north to south u m g  the magnetometer and 

EM instruments Followmg these traverses, the data wtse rclnowcd to d u a t e  influence and 
intensity of known cultural features in order to charactenzc h r  responses 

The site selected for the fixed base stamn magnetometer was prescanncd over a 25-foot ladrus 
to assure that no visible or bund ferromagnehc matitnais were present This base statron 

magnetometer is used to record the diurnal vanslboas m the earth’s magnetrc field 

Gnd traverse lines were followed dunng the geophysical surveys Eegming at the north 

boundary line southern traverses with the geophysical instruments were made along each gnd 

traverse line beanng due south and controlled by cahlpass For the magnehc and EM31 
geophysical surveys, instrument readings wefe recorded at each 10-foot &wsion along the gnd 
traverse line for total magneac field intensty, magneuc gradient, vancal dipole wnduchvity 

(quadrature phase) component, veraCaj -le in-phase component, honamtal &poleconductrvlty 

(quadrature phase) component, and honmtal dipole in-phase component along mth gnd 
traverse locabon coordinates For the EM61 survey, instrument readmgs were recorded for 
time-domsun EM conduchvity at each 0 7-foot division along the gnd traverse line, along wth 

gnd traverse locanon coordinates 

To assure reproducibility of the geophysical survey data recorded by the designated EM and 

magnew instruments, field procedures given in Smon 2 4 2 1 2 were implemented 
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The data were analyzed using Geosott computer software and contoured in color to generate the 

following maps 

0 Total magnetic field, 
0 Magnehc gradient, 
0 Vemcal dipole conduchvity (quadrature phase), 

0 Verucal dipole in-phase, 
0 Honzontal dipole conductivitv (quadrature phase), 

0 Honzontal dipole in-phase, and 

0 TDEM conductmy 

Conductivity and magnetic data were then interpreted using contour maps, profiles, and surface 

feature maps The geophysical maps for IHSS 133 included in this TM are total magnetlc field 

map (Figure 2 5 2 2 l ) ,  vertical dipole conductivity (quadrature phase) map (Figure 2 5 2 2-2), 
and time-doman EM conduchvity maps (Figure 2 5 2 2-3) The other maps are not included 

because they offer little addinonal information Results of the geophysical surveys are presented 

below in Section 2 5 2 2 3 

2 5 2 2 3 Resulu 

Both the magnetometer and frequency-doman EM surveys were pamally successful in 

charactenzing or confirming the indicated locations of most of the IHSSs in the project area 

Although the power line, which crosses the area from west to east, and a branch line, which 

turns to the north and is located just to the west of the Incinerator Site, did cause interference 



- 

EG&G ROCKY FLATS PLANT Manual W1~WPIOU05.1 
Techmcal Memorandum No 15 Section 2 0, Draft Final Rev 0 
Amended Field Sampling Plan Page. 2-116 of 2-216 
Volume 2 Effective Daw May 13, 1994 
Category 1 Orgamzation- Ertvirommeatal Rezaadiation Dir. 

> 

with the magneuc survey, reasonable magnem data were acquued over the IHSSs that are 

located approximately 100 ft or more from the power lines 

The TDEM EM61 survey produced excellent good results Ammaha (greater than 32 

millivolts) resultmg from surface and bund meralIic &jet% are very prommat throughout 
IHSS 133 (Figure 2 5 2 2-3) The overhead power lines did not cause interferenct m thu 
survey Gaps in the TDEM survey data can be seen as blank areas on Fig- 2 5 2 2-3 These 
are areas where data was unable to be acquired due to snow covcf and steep slopes 

The geophyscal survey results at the SIX mdividual stes w r t h  IHSS 133 are ducusscd M the 

following secttons Several more! sigmficant anomatous anas are not assoc18ted mth known 

locauons of the individual IHSSs 

One TDEM anomaly occurs approximately at coordmates WS, 930E (north of the Concrete 
Wash Pad) A review of a 1951 aerrsrl photograph (Figure 2 5 2 2-4) shows no ewdence of a 

disturbed area, but one can be seen on 1953 and 1955 acnal photographs (Figures 2 5 2 2-5 and 

2 5 2 2-6, respectwely) This disturbed area is not visible on a 1962 photograph (Figure 

2 5 2 2-7) A visual site inspechon performed on March 15, 1994 revealed a depresson of the 

same size and shape as the TDEM anomaly This depresson is appmmmately 1 to 2 ft deep 
At the east end of the depression is a small mound 1 to 2 ft hgh Further mvcsagaaon of tius 
site IS warranted 

A second significant anomaly is located at coordinates 130S, 1065E (rroutheast of the Concrete 

Wash Pad) This cannot be seen on the 1951 mal photograph (Figure 2 5 2 2-4), but IS wsble 

in 1953 (Figure 2 5 2 2-5) AenaI photographs from 1955 and later do not show the disturbed 



EG&G ROCKY FLATS PLANT Manual 211001WP-OUO5 1 

Amended Field Samphg Plan Page 2-117 of 2-216 
Technical iMemorandum No 15 Section 2 0, Draft Final Rev 0 

Volume 2 Effective Date May 13, 1994 
Categorv 1 Organruttion Envrronmental Remedmtion Div 

area The site inspection on March 15, 1994 revealed surface metallic debns coincidmg wth 

the location of this anomaly 

The third TDEM anomaly occurs at coordinates 135N, 1455B (southeast of a small concrete 

pad) Pnor to 1966, aenal photographs do not exhibit anything unusual However, from 1967 

to 1970 (Figure 2 5 2 2-8), a small round dark spot is evident southeast of and adjacent to thls 

concrete pad Visual inspection revealed an inconspicuous circular depression with some 
scattered metallic debns on the surface Some further investigatlon may be desirable 

The fourth significant anomaly is located at coordinates 70S, 1550E (northwest of IHSS 133 3) 

A trench can be seen on aenal photographs from 1964 and 1965 (Figures 2 5 2 2-9 and 

2 5 2 2-10, respectlvely) but is absent from photographs from 1966 (Figure 2 5 2 2-11) and 

later The field inspection revealed an elongated mound, approximately 1 to 2 ft high, in the 

same shape and onentation as the TDEM anomalv Further invesbgabon of this site is 

warranted 

Vanous other smaller anomalies scattered throughout the area may be associated with either 

surface or b u n d  metalllc debns All of these areas warrant further invesugauon as described 

in Section 3 2 2 1 of Volume 1 

IHSS 133.1 IHSS 133 1 ,  previously mislocated near the concrete pad in the north-central par 

of the IHSS 133 area, consist of an elongated east-west trench due north of IHSS 133 3 (see 

Figure 1 2-3) 
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The magneuc data over IHSS 133 1 are unreliable due to powerline rnterfcrace obscurrng any 

magnetic anomalies The EM survey data (Figure 2 5 2 2-2) exhibit mudcrate to tugh 

conductwity in the area coincidmg with the IHSS 133 1 trench This is interpreted to be related 
to the composluon of the soils, which can vary from clay to graved whn the area, and tilur 

moisture content The conductlvity data do not delureate the trench -on identlficd on aenal 

photographs (see Seem 2 5 I), presumably because the mated filling the trcnch and the so& 
surroundmg the trench an probably smdar 111 cernposmon and moisturc content 

The TDEM data show anomalous iveas scatmtd throughout the cesltral part of the trench 

(Figure 2 5 2 2-3) Thesc data suppa the presence of b u n d  metall~c debns M the trench 

lJrSS 133.2 An examinauon of a vemcal aenal photograph taken on Apnl 10, 1968, whch 

was not avulable dunng pnqaratI0n of the OU5 Work Plan, indicates that the miaal IHSS 133 2 

pit was approximately 150 ft in length and was probably parhally buned at the bme the 1%8 

photo was taken Photographs from 1969 and later indicate the presence of a second pt south 

of the previously designated pit (Figure 2 5 2 2-8) Consequently, IHSS 133 2 has been 

expanded to include a previously undesignated area to the south of the power h n e  mth 

approximately the same amount of disturbed surface area as mdmted for the on@ 133 2 pt 
area (200 by 40 ft) The 1968 photograph further indicates that the pt was filled by dlrect 

dumping, and the mated was not evenly distributed throughout the pit 

Although both the north and south areas are located wthm close proximty to the power lmes, 

an anomalous magnew low (approximately 54,300 gammas) OCCUK at approxxmateiy 50N, 
2300E along the northern edge of the power line interfetence and coinades with the locaaon of 
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the north pit (Figure 2 5 2 2-1) 

line interference 

Magnetlc data over the south pit are obscured by the power 

The vertical dipole conductivity data (Figure 2 5 2 2-2) show an anomalous high (approximately 

64 mmhos/m) occurnng approximately at coordinates 2OS, 2325E, in the area between the north 
and south ash pits, flanked by conductlvity lows (approximately 36 mmhodm) correspondmg 
to the location of the ash pits The conductivitv data Seem to confirm the presence and locanon 
of these pits 

The TDEM data (Figure 2 5 2 2-3) show an anomalous area coinciding wth the north trench 

at IHSS 133 2, most likely due to metallic debns buned in the trench The TDEM data do not 
confirm the locauon of the southern trench This trench probably does not contam metalhc 

debns and is undetected bv TDEM methods 

IHSS 133 3 The total magnetlc field map (Figure 2 5 2 2-1) shows two magneuc highs 

(approximatelv 55,400 gammas) flanked by magneuc lows to the north along the edge of the 
power line interference, near coordinates lSOS, 1700E to 1850E These correspond to the 

inferred locauon of the trench at IHSS 133 3 The configurauon of the anomalies indicates that 

metallic debns may not have been uniformly distnbuted throughout the trench 

The EM survey data (Figure 2 5 2 2-2) show a broad area of relatively high conducuvity located 
approximately from 0 to 300s and 1700E to 2100E These data are interpreted to be related to 

the compositlon of the soils, which can vary from clay to gravel within the area, and thelr 
moisture content The conductivity data may not delineate the trench as idenufied on the aenal 
photographs because the matenal filling the trench and the soils surrounding the trench are 
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probably si& in composihm and mouture content Although the data fatled to &heat8 the 

trench, the overall disturbed area can be readily idtnt~fid on thc ground 

The TDEM data do not deluxate the trtnch locatm at IHSS 133 3 (Figure 2 5 2 2-3) The 
trench probably does not contam metallic debns and is undetected by TDEM methods 

IHSS 133.4 IHSS 133 4, a bund trench, has been expended to include a possible disturbed 
area extending to the northeast from the trench area iden~ed on vert~cal aerial photographs 
The trench and disturbed area were! measured on these vcx&cal acRaI ahotosraphs 180 by 40 ft 
and 190 by 40 ft There were no photographs documentrng the presence or slze of trenches m 
the area while the trenches were in use 

A pronounced elongated magnehc anomaly located at eoordmtes 2OOS, 1212 5E mxnc~des wth 

the northern edge of IHSS 133 4 (Figure 2 5 2 2-1) and indicates the presence of magnebc 

debns withm this east-west anomaly Uniform distnbutm of metalltc debns throughout the 
anomaly indicates that the trench location may be approximately 20 to 30 ft north of when i t  

was assumed to exist Power line interference obliterated all madyletlc response over the 

northeast trench at IHSS I33 4 

The EM conductlvity data (Figure 2 5 2 2-2) exttlbit conductwe lows (approx~mately 42 
mmhos/m) in the areas approximately coinading with the trench locatlm The conductwe lows 
are approximately 16 mmhodm lower than Iocai background values The conductlvity data do 
not appear to accurately delineate the trenches 
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Results of the TDEM survev indicate the presence of bund metallic debns in the trenches at 
IHSS 133 4 An anomalous area approximately 100 by 50 ft occurs in the northeast pornon of 
the northern trench This may anse from bund metallic debns in this part of the trench 

An elongated anomalous area located at 200S, 1160E to 1270E appears to be bund metallrc 
debns associated with the southern trench These data support a change in the ~ocahon of h s  

trench to a position approximately 20 to 30 ft north of its present locatron 

IHSS 133.3 IHSS 133 5, the Incinerator, consists of a broad area covered with gravel and 

cement rubble piles with scattered metallic debns 

The magnetic data are questionable because of magneuc interference from the north-south power 
lines in this area A magnetic low (approximately 54,400 gammas) is located at coordinates 

50N, 1137 5E (Figure 2 5 2 2 1) This mav be pared with a magnetic high directly to the west 

but obliterated by the power line interference, which is presumably associated with metaulc 
debns in the concrete floor of the Incinerator 

IHSS 133 5 is not well delineated by the EM conductivity data Conducuvity changes in thls 
area appear to coincide with changes in surficial geology The Incinerator, however, is clearly 
seen on the EM conductlvity map (Figure 2 5 2 2-2) at coordinates 9ON, 1087 5E The floor 
and foundation of the Incinerator occur as a rectangular-shaped low conductivity anomaly 

- surrounded by a high conductivity halo 
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TDEM data were not collected throughout most of this area, due to snow cover and steep &opes 

(Figure 2 5 2 2-3) However, an anomalous area can be seen ut the northem parr of MSS 
133 5, which may coincide with metallic debns at the Inanerator 

lHSS 133& IHSS 133 6 encompasses the Concrete Wash Pad area, which was actwe d m g  

the 1950s The general configurauon or the site was denved from vemcal aeml photographs. 

This site is farly large, and concrete appears to be thickest along the north slde whert trucks 

probably dumped concrete and were nnsed out 

The magme data show a strong magnetic anomaly (greater vhan 54,700 gammas) along the 
nonhern side of the area (Figure 2 5 2 2-1) near coordmates 14OS, 9OOE Contmumg to the 

south, this anomaly grades into an area of lower magntuc rntenslty The penmeter of the ate 
exhibits background levels with no significant anomalies The strong mag~ehC anomaly may 

be associated with power line interference or metallic debns that may have been buned or 

dumped along the northern half of the site 

The area IS parually delineated by the EM survey The verttcal dipole conductmty map (Figure 

2 5 2 2-2) shows an area of lower conductmy on the northem half of the site (near coord~~tcs 

140S, W E )  that may coincide with the area of thick concrete cover Th~s area of lower 

conductivity grades southward into an area of higher conducttvlty that may mlrcate alluvial 

sediments with increased moisture contents underlymg the dump arca 

The TDEM data do not delrneate IHSS 133 6 This may mse from a lack of metalhc debns 

in the area A small (10 by 10 ft), localized anomaly, presumed to be associated with metaulc 
debns, occurs approximately in the center of the area 
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2 5 3  Stage3 

Stage 3 actlvitles at the IHSS 133 sites included the collechon of surface and subsurface sod 

samples in and around each IHSS In addition, subsurface soil samples were collected from 
within an anomaly identlfied by the magnetlc survey of the area 

2 5 3 1 Surface Soil Sampling 

Surface soil sampling at IHSS 133 was specified by the OU5 Work Plan 
specified that deals of the surface soil sampling program be provided in a TM 

The Work Plan 

2 5 3 1 1 Introduction 

The scope of work for the Stage 3 surface soil sampling program is descnbed in TM4 TM4 
was approved by CDH in a letter dated Apnl 9, 1993 (CDH, 1993) and by EPA in a letter dated 

Apnl 13. 1993 (EPA, 1993) 

Two phases of surface soil sampling were proposed in TM4 The first phase of samphg 

proposed to idenofy elevated concentrations of metals and polynuclear arOmahC hydrocarbons 
(PAHs), and to confirm the results of the initial HPGe survey for radionuclides in surface sods 

within the IHSS 133 area The second phase of sampling proposed to assess areas of elevated 

radioactivity that were identified after a second radiahon survey of IHSS 133 was completed 

Phase 1 of the surface soil sampling plan used judgmental sampling methods in combinahon with 

random sampling methods to bias the samples and improve detection of contammants Of the 
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18 samples, seven were biased by CollecMg them d m d  of the idmtdkd IHSSs m the 133 

area Analysis of an RFP wind rose dngram incficates that the pnmary wfnd dueaton is from 
the west-northwest Based on this Miformaaon, one surfaoe-sofi sample was coilsctoQ 

approximately 50 ft directly east-southeast from a p m t  on the southeast M e r  of each of the 

identlfied IHSSs The remarrung 11 samples were randomly co€lectcd throughout the IHSS 133 
area to evaluate potennd wndbome contaminahon from the manerator stack, ash pits, and ash 

pit delivery routes Eleven gnd pomts were used from the completed HPGe survey of the MSS 

133 area and were randomly selected using a random number generator The gnd intersectmu 
are the samphg locatlonS 

Radiological surveys of IHSS 133 were ongoing at the same hme that Phase 1 so4 samphg was 

conducted The results of the radmon surveys are discussed in Seam  2 5 2 1 of thls 

document These results were used to design the Phase 2 surface soil sampling plan to 
charactenze the radiatlon anomalies One radiatlon anomaly was identlfied and a profile sample 

was collected from this lomuon, and a second profile sample was cclllected from another 

radiatlon survey locatlon that was not anomalous 

Sample loamons were idenhfied in the field by means of a cornpass, mezsumg rape, and 

surveyed markers installed as part of the radiahon survey and ash plt field location acttwties 

The locauon of each random sample was staked at the hme the sample was colledd The field 

procedures used to collect surface soil samples are specified in SOP GT OB Samples collected 

for both radiological and convenhonal analyses were collected accurdmg to the RF methai, 

Section 5 0 of SOP GT 08 The RF method is described in Sechon 2 4 3 1 2 
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Profile samples were collected in accordance with SOP GT 08, as amended by DCN 93 02 

Protile sampling obmns three discrete soil samples from depths up to 6 inches, and each 

discrete sample is representauve of soil over an interval of 2 inches in depth For example, the 
first interval extends from the ground surface to 2 inches deep, the second mtemal is from 2 to 
1 inches deep, and the third interval is from 4 to 6 inches deep Profile samples were collected 

rrom the ground surtace downward in 2-inch increments as descnbed above using a stamless 

steel trowel Sufficient matenal was collected to fill a 500 milliliter contamer 

One of the profile samples was collected at HPGe survey stauon F10 (Figure 2 5 3 1-1) where 

uranium-238 acuvity as measured by the HPGe ranged from 18 8 to 21 7 pCdg The sccond 
profile sample was collected at HPGe survey stauon B17, which was not anomalous for any of 

the radionuclides counted by the HPGe (Figure 2 5 3 1-1) 

1 5 3 1 3 Results 

Surface soil samples were collected at 20 locabons in IHSS 133 (Figure 2 5 3 1-1) Eighteen 

of the samples were analyzed for TAL metals, radionuclides, TOC, and PAHs The two prome 

samples were collected at HPGe stations B17 and F10 and were analyzed only for radiological 

parameters Two sediment samples were collected form seeps and analyzed for TAL metals, 
radionuclides, pesticides, PCBs, SVOCs, and VOCs The analytical results aviulable as of 

January 28, 1994 are discussed below Table 2 5 3 l-la-b presents a summary of analytes 

present in concentrations exceeding BUTLs for these samples 

Metals Out of the 18 samples collected, the BUTLs were exceeded in one surface soil sample 
for zinc and one for silver (Table 2 5 3 1-la) Both sediment samples from IHSS 133 exhibited 
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zinc exceeding the BUTL and anumony exceeded the BUTL in ont of thcsc s9mples ("able 

2 5 3 1-lb) Their loca~ons are shown on Figure 2 5 3 1-2 

Radionuclida Data for samples collected at the two HPGe statlans wuls not avadabb m 
WEDS as of January 28, 1994 Of the 17 acceptable d y m  for &e random and b d  
surface soil samples, gross alpha, uraruum-233/234, and mium-238 were detected in 
concentranons d i n g  BUTLs in one, seven, and 14 sampk, respmvdy (Table 2 5 3 1-la) 
One ot the Sediment samples exhibited uranium-238 exceeding the BUTL (7"abk 2 5 3 1-lb) 
The surface sod and &ment sample locations w b  BUTLs were txcceded are shown IXI 

Figure 2 5 3 1-3 

Polvwlear A r o w  H v d m  None of the surface soil sampks or sediment samples 
exhibited detectable concentrabons of PAHS 

Semi-Volatlle 0-c Cornmu& Surface soils were not maiyzed for SVOCs The SVOC 
bis(2-ethylhexy1)phthalate was detected in one of the sediment sam@cs (Table 2 5 3 1-lb) 
Figure 2 5 3 1-4 shows the locabon of this sample 

Volatile Ormic Co- Surface soils in IHSS 133 were not analyzed for VOCs 
Sediment samples did not contam detectable concentrabons of VOCs 

G e n e r a l e s  A Surface soil samples collected in IHSS 133 were analyzed for 
TOC Analytical results for these samples are included in Appendix B 6 
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Per TM4, it was agreed that the number of acceptable surface sod samples would be compared 

to EPA performance measures TM4 spemfied that after the sample data were reported, the 

coefficient of vanabons (CVs) would be calculated to determine if EPA performance cntena had 

been achieved, as demonstrated by a CV equal to or less than 40 percent 

CVs for the followng metals exceeded 40 percent cadmium, calcium, copper, magnesium, 

nickel, sdver, sodium, stronhum, tm, and zinc Copper and magnesium only slightly exceed 

the target CV, with CVs of 43 and 46 percent, respectwely Therefore, there is no need for 

addibonal samphg to support nsk assessment for these metals Calaum, magnesium, &urn, 
and m c  are essenhal nutnents, are nontomc at maxlmum concentrahons measured at IHSS 133, 

and do not warrant addiuonal samphng Of the rematning metals, only cadmium is of interest 

in terms of human health nsk assessment The existlng sample numbers, however, are sufficient 

for use in nsk assessment In additlon, one-half of the samples (10 of 20) were non-detects (at 

a detecbon l i n t  of 1 mg/kg) 

CVs for the following radionuchdes also exceeded 40 percent amencium-241, plutonium- 

2391240, and umum-235 The hghest CV was 57 percent for plutonium-239/240 CVs for 

arnencium-241 and uran~um-235 were 44 and 49 percent, respemvely However, additronal 

sampling to meet a target CV of 40 percent is not necessary to support nsk assessment for the 

followng reasons 

ExlsMg samples were collected using random and biased methods Biased locaaons 
were based on histoncal informahon and Stage 2 survey results Therefore, it 1s 
llkely that the data are conservatrvely representatwe of the sampled area 

Compansons urlth background soil concentrabons (the Rock Creek 18 samples) show 
that the m m m u m  concentratlons from IHSS 133 (exclusve of the known hot spot I 
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at HPGe s?atmn F10) are lower than BUTLs foa a~nc1xxm-241 and pkrtontum- 
2391240 and equal to the BUTL for uranium-235 The absence of any elevated 
concentrattons wouid also mhcatc that there IS I#) need fbr addttlonal samplurg 

The OU5 Work Plan specified that sod h n g s  be dnlled mto each identtfied pit to characterize 

covet and subsurface matMals The Work Plan further spcakd that the sod b o ~ g  program 

be presented m TM for reww by EPA and CDH prior to implemcntatlm TM? described the 

sod bonng program for the MSS 133 stes and was remewed and appmed by EPA and CDH 

2 5 3 2 1  

Per TM7, sod bomgs were installed as part of the OU5 Phase I RFvlRI in the areas of the Ash 

Pits (IHSSs 133 1 through 133 4), the Incinerator WSS 133 S), and the Concrete Wash Pad 

(MSS 133 6) (Figure 2 5 3 2-1) 

Soil bonngs were dnllcd to gculog~cally and chermcally characten# the mer  and subsur€ace 
matenals wthm and/or downgriuhmt of the Ash Rts, Inctnerator, d Concrete Wash Pad arcas 

They were also d d l d  to chamterm the contmmatmn sowas at IHSS 133, to deteme the 

locations of the Ash PI&, and to assrst m assessng the li&uaI end verhcal extent of the Ash Pits 

Addmodly, the mstalbon of the md bomgs was mmded to prcwrde dormahon as to &he 

exlstene of Contarmnants urlthtn the Ash PIts If contarmnantg wcre prcrsent, mstallatlon of soil 
bonngs would help to deterrmne if these contamtnants had leached into the sods and/or 

groundwater beneath or downgradient of the Ash plts 
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Further these bonngs were mended to deterrmne if groundwater was present and, if so, at what 

depth (1 e , is the groundwater flowng through the ash matenals wthuI the Ash Rts) If 

groundwater was present, a groundwater sample was collected from the soil bonngs The data 

collected from the groundwater samples was used to assess if contaminants had reached the 

water table from the Ash Rts, Incinerator, and/or Concrete Wash Pad areas 

The OU5 Work Plan (DOE, 1992a) proposed placing bonngs on 25-foot centers that transect 

each IHSS m order to delmeate the boundanes of the Ash Pits The FSP also shpulated that if 

the h u n c h e s  of IHSS 133 could be determrned by aenal photography review, radiolopcal 

survey, andor the proposed geophysical surveys, fewer sod bonngs would be necessary As 

discussed III Secoons 2 5 1 and 2 5 2 2, the aenal photograph review and geophysical surveys 
resulted in modificahons to the boundanes of these IHSSs 

Based on the results of the aenal photograph review and geophysical survey results, TM7 
proposed a soil-bonng program that included d n h g  28 bonngs and an undeslgnated number 

of shallow offset bonngs to be used in locahng the Ash Plt(s) TM7 also proposed placing a soil 

bonng in the central locabon of any anomalous areas detected by the HPGe survey Eighteen 

bonngs were to be placed on 50- to 100-foot centers along the long axes of IHSSs 133 2 through 

133 4 (Figure 2 5 3 2-2) Four bonngs were to be placed in IHSS 133 5 in the approxlmate 

area of the Inmerator, to the southwest of the Incinerator, and to the southeast of the 

Incrnerator One bonng was to be placed rn the area shown as IHSS 133 1 in the OU5 Work 

Plan to determme the presence of an ash pit at this locahon (see Secaon 2 5 1) Three bOMgS 

were to be placed downgradient of IHSS 133 6 on 100-foot centers Also, two bonngs were 

proposed for iveshgabon of the "pit and disturbed area" northeast of IHSS 133 2 
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The m m p W  soll-bonng ptogram rncluded the mstauatlon of 53 soli barings Two of these 

bonngs were placed m a hot spot that was detached dwrng ttrc HPGe survey Slx of the boimgs 

dnlled m ttus IHSS w a e  o n g d l y  lntended to be wdis as *of the groumhmtcr mves~gation, 
however, no groundwater was encountered dunng m g ,  and the wells were abandoned and 

reclassified as boreholes (section 2 5 4 1) Sevenma bo~gswerc 10- to 12-foot deep offsets, 
a~ described m TM7 The E- 28 b M g S  

(FlgUR 2 5 3 2-3) 
d d d  ifl the 10catlmS specrfied m TM7 

The sod bormgs, wth the excep&on ofthe shallow offscts, were Wed 6 €t mto wcBtlwrcd 

bedrock m accdance wtth the OUS Work Pian (DOE, i992a) and TM7 (EG&G, 1993) If 
the bedrock encountered was a sandstone, the bcmngs were advanced 6 fi mto the next claystone 

homn Occasionally, a claystone was encounttred that would not allow advancement for the 

full 6 ft lnto bedrock In these cases, the bonngs were advattccd to refusal 

Hollow-stem augers were used for advancing the boreholes umg the techques descnbed m 
SOP GT 02 Samples were collected with a spht-spoon sampler Once the dnve sampler was 

removed fiom the borehole and opened, rts contents were scanned wth an alpha and a 

betdgamma probe to detect nadmactrvrty, and an OVM to detect VOCs The mow& of 
recovered core was then measured, examrncd m s d y  for the presaxe of waste m a t e d ,  and 

the lrthology was classlficd and logged 

Soil samples were Concmuously collected from ground surface to the first bedrock ntervai SIX- 

foot c o m p t e  samples were collected and analyzed for TAL metals, total uraruum, plutoruum, 

153 
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amenaum, gross alpha, and gross beta as specified in the OU5 Work Plan (DOE, 1992a) and 

TM7 (EG&G, 19930 In order to obtam these 6-foot composite samples of sod core, the 

recovery was placed in a safe locabon, out of direct sunhght, untd three consecuuve 24-inch, 
or four consecuhve 18-inch samples, totalmg the required 6 ft were collected Soil from the 6- 

foot interval was then med mto a composite sample and placed in appropnate contamers for 
laboratory analysis according to SOP FO 13 

In accordance with TM7 (EG&G, 19930, an dternahve sample collecbon method was followed 
when it was possible for the site geologist to determine a drstmct vlslble hthologic differcncc 
between natural geologic matenals, arhficial fill, and ash mated When this disunctton could 

be made, separate composite samples were made up of natural geologic matenaldamficial fill, 
and ash matenals 

In addiuon to the &foot composite samples, 2-foot composite samples were collected from the 

top 2 ft to assist in the ecological assessment study These samples were analyzed for the same 
consbtuents as listed above Also, 11 sod samples were collected from the IHSS 133 bonngs 

for geotechcal analysis (1 e , gram size) 

TM7 spezified that when groundwater was encountered, groundwater samples be collected at a 

frequency of one per IHSS, one per covered trench or pit associated wth an MSS, and one for 
the pit and disturbed area east of IHSS 133 2 Four unfiltered groundwater samples were 
collected with the Hydropunch IF sampler in accordance wth SOP GW 06 The groundwater 

samples were analyzed for the same analytes as the soil samples (TAL metals, total uranium, 
plutomum, amenaum, gross alpha, and gross beta) In addibon, pH, specific conductance, 
temperature, and dissolved oxygen were measured at the tlme of sample collecuon 

i 
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2 5 3 2 3  

The completed sod bonng program for IHSS 133 MctuQad thc rnstdktt~on of 53 soil borurgs m 
accordance wth TM7, plus addlttorral bcmngs ongtezlly mtglded &t b ~ !  wells @gum 2 5 3 2-3) 
As stated m the pmous 3cchoR, most of the bonngs, unth the cxceptm of €he shallow offsets, 
were drilled 6 ft mto we8ther#l bedrock as proposed m TM7 @&G, iB3f )  Three exeeptloRs 

rnclwled borcholc 57493 (hatted m the pit and dstwhmc area), and boreholes 57093 and 
57293 (located MI Mss €33 2). Bomitde 37493 ermmted a clatyey sandstone from 20 to 24 
~ , t h e r e f o r e , i t ~ ~ ~ a a t o t o l ~ o f 3 0 f t 6 f t ~ t h e s M d s t c r a e ~ ~ )  f3areholes 
57093 and 57293 cach Icached refus& 30 they could not be a d d  fortbe full 6 ft 

The analyt~cal results for the sod samplfs callectuj from the boreholes mtalled in the IHSS 133 
area included only radionuchde constituents and TAL merals VOCs and SVOCs were not 
analyzed for, because the waste disposed of in the Ash plts bad been incinerated pnor to 
disposal and any VOCs or SVOCs WOUM have bees deshroyed dunng manerabon 

IHSS 133 has been dmdcd mto seven different areas of mvcs&ga4m, and the mveshgatlon for 
each area WIU be drscussed mdiwduafly UI the followmg paragraphs 

Area P ~ w I ~  m o l e  56193 (Fig= 2 5 3 2-3) W ~ S  ddled to 

a depth of 34 f% M y  in the aster of the area desrgnahed as previously idmbfied as IHSS 

133 1 m the OUS Work Plan Ths borehole &d not encounter ash matend or groundwater 

(Table2 5 3 2-1)* Bedrock was encountered m them lntervill from 26 4 to28 ft and was 
described as claystone The absena of ash matma! at rhrs -on mdicates that no ash pit 

exlsts unthu~ th~s area No shallow offget bomgs were didled m area 
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Dunng the d n h g  of this borehole, field morutonng, as described in Sechon 2 5 3 2 2, was 
conducted on the core The monitonng results from the O W ,  the alpha and bedgamma 

probes, and radiaaon smears were all  below background levels 

Based on the laboratory results of the soil samples collected at this lOCahOn, there were no 

radionuchde conshtuents or metal conshtuents detected at concentrahons greater than background 

levels These results along with visual inspechon of dnll core indicate that an ash pit does not 

exist in thls area The TDEM survey performed after the dnlhng program, however, indicates 

the presence of an anomaly southwest of the borehole loca~on adjacent to the concrete pad (see 
Sechon 2 5 2 2 3) The loahon of this anomaly warrants addihonal mvesbgahon (see SeCaon 
3 2 2 1 of Volume 1) 

IHSS 133.2 IHSS 133 2 includes the onglnal ash pit shown m the OU5 Work Plan (DOE, 

1992a) and a second trench located to the south of the ash pit as shown in Figure 2 5 3 2-1 Six 

deep boreholes and three shallow offset boreholes were dnlled m IHSS 133 2 (Figure 2 5 3 2-4) 

The six deep boreholes, 56893 through 57393, were dnlled to depths rangmg from 18 5 to 37 1 

ft (Figures 2 5 3 2-5 and 2 5 3 2-6, and Table 2 5 3 2-1) The alluwal thicknesses encountered 

in these boreholes ranged from 12 5 to 34 1 ft (Table 2 5 3 2 3-1) Three shallow offset 

boreholes (57293A, 57293B, and 57293C) were dnlled in an attempt to locate the Southern pit 

These were dnlled offset from the proposed location of borehole 57293 and terminated at a 

depth of 12 ft Smce no ash matenal or bedrock were encountered in these bonngs, the 

onginally staked locabon for borehole 57293 was dnlled 

Two boreholes, 56893 and 56993, located at the western end and center of the ongmal (north) 
ash pit, encountered ash and manerator residue in the depth intervals from approximately 2 to 
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8 ft and 8 to 9 ft, respactrvely (FtgW 2 5 3 2-5 and Table2 5 3 2-1) The &UC 

mated m borehole 56893 was described on field logs aa ash, charcoai, and matcnal that 

appeared to be glass and metal pieces the sue of sand grams The mated m borehole 56993 

was described on field logs as Styrofoam, whte fiber material, charcd, and gray ash None 

of the other numberad or exploratory borehob with the designated MSS 1332 area 

encountered ash 

A gwtechnxal sample was cdlected at borehole 56993 from the depth m t e n d  of 0 to 2 ft and 

analyzed fa partrcle gzlc Appendu E, Figur# E9 thmrgh E20 Em#ent the mults of the 

g m c a l  analyscsthat wercperfonnd on theborehohloatsd m IHSS 133 Theruults 

of the analysis of the sampk collected from borehole 56993 (Figure E18) indicate that the 
allumal matenal was fwly w d l  graded, wth most of the sample bemg on the c[)ivstr slde 

Thuty-three percent of the sample was gravel (I e ,  retavlcd an the #4 sew), 35 4 percent of 

thesamplewassand(1e , p a s J a d t h r o u g h t h e # 4 ~ ~ b u t ~ o n t h e # 2 o o s i e v e ) , a n d 3 1  3 
percent of the sample was silt/clay (1 e ,  passed through the #2W sleve) Based on these 

percentages, the sample has been classtied as a SWSC using the USCS 

Groundwater was enc.ountcrcd rn borehoks 56993, 57093, and 57393 (Figures 2 5 3 2-5 and 

2 5 3 2-6) Approxlmatedepths togrouftdwaterranged from 12 toZ ftflabk2 5 3 2-1) The 
depth of the watutmmg zone M borehole 57393 1s unknown, as water was not dctcUed unhl 

abandonment procedures took plrsce It IS assumad that the water cpmt from a gravelly layer 
just above the bedrock at a depth of 23 ft A groundwater Jampie was collected from borehole 

56993 at a depth of 24 to 26 ft The analytical results of this sample are rncluded in the 

summary m Table 2 5 3 2-2 As shown in ttus table, the laboratory analysrs results of 
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groundwater samples mdicate the presence of radionuchdes and metals in concentrahons 

exceedmg BUTLs 

M e m  There were a number of metals that were detected m the groundwater samples at 
concentrahons exceuhg the BUTLs As presented on Table 2 5 3 2-2, these conshtuents 

include mercury, a l u m u m ,  banum, berylhum, chromium, cobalt, copper, iron, lead, 

magnesium, manganese, mckel, potassium, vanadium, and mc All of these consbtuents were 

detected at concentrahons that exceed the maxlmum background concentrahons with the 

excepuon of lead and mc 

Radionuchh The radionuchdes detected at concentrahons exceedmg BUTLs 111 groundwater 
samples included arnencium-24 1, gross alpha, gross beta, plutonium-239/240, radium-226, 

umum-233/234, uranium-235 and uranium-238 (Table 2 5 3 2-2) 

Dumg the d n b g  of these boreholes, field monimrmg, as described m Sechon 2 5 3 2 2, was 
conducted on the core At borehole 56893, bedgamma a w t y  was detected at 1,OOO, 1,100, 

and 800 cpm at depth intervals from 4 to 6 ft, 6 to 8 ft, and 8 to 10 ft, respecavely Also, 

alpha achvity of 21 3 dismtegrahons per minute per 100 square centlmeters (dpm/100 cm2) and 

23 8 dpm/100 cm2 was detected on radiahon smears of samples taken from depth intervals h m  

4 to 6 ft and 6 to 8 ft, respectively The remamder of the monitormg results from the OVM, 
the alpha and beta/gamma probes, and radrahon smears were all below background levels 

Analyhcal results of the constments detected at concentraaons exceedmg BUTLs from the soil 

samples collected from boreholes 56893 through 57393 are summanzed on Table 2 5 3 2-3 As 

menhoned above, the analyhcal results for the sod samples collected from boreholes installed ! 
I 
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in the MSS 133 arca included only rad~omchcla and TAL m d s  The results for the bordrole 

sod samples are summanzed m the followmg two paragraphs and then chscussc6 m for 
each IHSS 

AS pres~n:<J Tdle 2 5 3 2-3 and ~n F i m  Z 5  3 2-7, the metals d y s e ~  detected 

anhmony, arsemc, h u m ,  berylhum, cadmum, chmuum, cob&, copper, mnganae, 
rno@denum, ruckel, dver, and PIIC, at ConantrPttQlu ~~ceedmg BWLs A total of one 
anhmOny, one arsemc, two banurn, one berylhum, thr# cadmum, one chtormum, one cobalt, 

three coppa, two manganese, one mdybdaum, one Nckd, two sliver, and two zcnc msults 
were atamccntratmnsg;reaterthan BUTLs ThesesmultsalsoiRdrcrrttdthatthearsenrc, cobalt 

and manganese results were present at amcatraaons below the mmmurn backgmd 

concentratms Also, two of the samples that contarned banum concenttabons greater than the 

BUTL and one of the samples that contasned capper concentrat~ons greater than the BUTL were 

present at concentramns below the m m u m  background m t r m o n s  The results of the 

samples that detected metal constrtucsrts at conccntratxms greater -mum backgmud 

concentrattons were all from soll sampks collected from bo&&s 56893 and 56993 at depth 

rangmg from 2 to 8 8 ft and 4 9 to 8 1 ft, respecttvely 

As presented on Table 2 5 3 2-3 and on Figure 2 5 3 2-8, the radiologrcal 

analyses detected amenctum-24 1, gross alpha, gross beta, p l u ~ u r n - 2 3 9 / 2 4 0 ,  and total wamum 
greater than BUTLs These conshatents were detected fKnn sal samples colkcted from 
boreholes 56893 through 57393 A total of two amenam-241,  two gross alpha, four gross 

beta, two plutomtim-239/24Q, three uraruum-233/234, four w4tuum-235, and 1 1  uraruum-238 
results were detected at achwtles excecdmg BUTLS, Those result8 also xndrcazed that one of the 

samples contamed an uratllum-235 achwty gructer than the BUTL, and aght of the samples wth 
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umum-238 exceedmg the BUTL were at concentrabons below the maximum background 

concentrabons The results of the samples that are greater than maximum background 

concentrabons were all from soil samples collected from a depth of 0 to 8 8 ft Thexefore, it 

appeared that radio1ogxa.I contarmnabon exceeding maximum background concentrahons was 
not present below approxrmatciy 9 ft 

IHSS 133.1 m S S  133.2 The area designated as IHSS 133 3 has been modified to include 

two trenches wthm the IHSS boundary (Figure 2 5 3 2-1) As discussed in SecQon 2 5 1, this 

area rncludes a northern trench, IHSS 133 1, and a southern trench, IHSS 133 3 

Six deep boreholes (56293 through 56793) and six shallow offset boreholes were dnlled m 
IHSSs 133 1 and 133 3 The SIX shallow offset boreholes were dnlled m an attempt to more 
accurately locate the trenches, and the deep bonngs were dnlled wthin the trenches to 

charactenze the cover and subsurface matenals The three shallow offset boreholes dniled rn 
IHSS 133 3 (56693A, 56693B, and 56693C) were dnlled to a depth of 4 ft and encountered 

bedrock at a depth of approximately 3 5 ft None of these boreholes encountered waste 

Therefore, the three deep boreholes (56593 through 56793) were dnlled in the onginally 

proposed lacabons Figure 2 5 3 2-9 shows the lithology encountered in the deep boreholes 

No groundwater or ash matenal was encountered m these boreholes Table 2 5 3 2-1 shows the 

total depths of the boreholes dnlled in IHSS 133 3 ranged from 4 to 19 ft The hckness of 

alluvium ranged from 2 0 to 13 6 ft (Figure 2 5 3 2-9) 

Of the three shallow offset boreholes located in IHSS 133 1 (56393A, 56393B, and 56393C), 

borehole 56393C was the only one that encountered waste matenal This matenal was collected 

from the depth interval of 3 to 5 ft It was descnbed on the field log as sand with burned wood I 
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frasments Field radntmn m e y s  daectai radiologmi act~wty well excewhng bgckground ui 

thrs sample Smce the pnsetra of wastc was COnfiRncd wth h s  sampk, this exploratory 

borehole was abandoned at 5 ft Pnor to groutmg, a statac water level was mW rn the boring 

at a depth of approxrinately 0 5 ft 

Borehole 56393 was dnlled approximately 5 ft west of explomtory borehole 56393C Borehole 

56393 encountered tMMeratot -due tn the depth mterval f h n  2 fo 5 ft, and groundwater fkom 

on the field log as fina to mechum-gniaad sand wth glass, burned R148GL181, and rust Noae 
of the other borthies wthm the area ckgnatd as Mss 133 1 encountered either ash or 
groundwater (Table 2 5 3 2-1) Table 2 5 3 2-1 shows that the total depths of the deep 

boreholes ranged from 9 to 19 fi The bedrock material encountered at these lacanons was 

claystone and dty claystone The thickness of the alluvlum ranged from 3 0 to 6 9 ft (Figure 
2 5 3 2-10) 

depths of appro~lmately 0 5 to 5 ft (FIF 2 5 3 2-10) Tkc -tt~ midm w~ts described 

A groundwater sample was collected from borehole 56393 at a depth of 6 to 8 ft The results 

of the analysls performed on th~s sample! &hat exceed BuTts are mciuded on Table 2 5 3 2-2 
As shown m h s  table, the results of the laboratory analysls of groundwater samplcs in&cate the 

presence of radmnuchdes and mctals 

The radionuchdes detected at concentfatlolls ex-g BUTLs included amenmum-241, 
plutomum-239/240, umum-233/234, uraruum-235, umum-238, gnws alpha, and gross beta 

All of these conshtucnts were detected at ammtrat~m that also exceed the maxlmum 
background concentratms 
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There was also a number of metals that were detected at concentraaons exceeding the BUTLs 

As presented on Table 2 5 3 2-2, these conshtuents include banum, berylhum, cadmum, 

chromium, copper, manganese, nickel, potassium, silver, and wnc All of these consatuents 

were detected at concentrahons that exceed the maxlmum background concentraaons wth the 

excepaon of mckel and potassium 

Dunng the d&g of these boreholes, field momtonng, as descnbed m Secaon 2 5 3 2 2, was 
conducted on the core The core collected from borehole 56393 was the only core from whch 

r a g s  excedmg background levels were detected At borehole 56393, beta/gamma was 

detected m the field at 2,000, 1 1,000, 2,000, 2,100, 850, and 250 cpm at depth intervals of 

from 0 to 2, 2 to 4, 4 to 6, 6 to 8, 8 to 10, and 10 to 12 ft, respectwely Also, alpha act~vity 

was detected on radlabon smears of the samples ranging from 43 84 to 307 94 dpm/100 cm2 at 

a depth interval of 2 to 6 ft BeWgamma actrvity was detected on radiaaon smears of the 

samples ranging from 788 61 dpm/100 cm2 to 3,727 64 dpm/100 cm2 at the same depth interval 

Also, radiahon smears of samples taken from the 8- to 10-foot interval detected bedgamma 

actlvity at 434 9 dpm/100 cm2, and radiabon smears of samples taken from the 10- to 12-foot 

interval detected alpha acbvity at 69 dpm/100 cm2 The rest of the momtonng results from the 

OVM, the alpha and beta/gamma probes, and radiahon smears were all below reportable limits 

Analybcal results of the constltuents detected at concentratlons exceedmg BUTLs from the sod 

samples collected from boreholes 56293 through 56793 are presented on Table 2 5 3 2-3 A 

summary of these results is discussed below 

Metals As presented on Table 2 5 3 2-3 and Figure 2 5 3 2-7, one bmum, one cadmium, one 
cobalt, three copper, one silver, and one nnc results were detected at concentrations greater than i 
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BUTLs These results also mdrcca&!d that the h u m  and cobalt r e d s  were at concentzatxms 

below the -mum background conoentratlons Also, one of the samples that detected capper 

exceeding BUTLs was at a concenaatlon below the maxtmurn b;tckground concentmhcms The 

results of the samples that are greater than -mum background concentramms were all from 
sod samples collected from borehole 56393 at depths ran= from 0 to 6 ft Therefore, i t  

appears that all of the metals contarmnahun detected excccdmg mammum background 

concartratmns is not present below the dcpth of approxlmatcly 6 fi 

As pr#artad Tabb 2 5 3 2-3 Fig~re 2 5 M-8,  tb & & g d  ZMPtyse~ 

detected an~m~urn-241, gross dpba, gross beta, plutomum-Z39/240, and total urasum at 

concentrations exceedlng BZPIZS and -mum bacltgrcwnd ccmcentr;ltlons A total of%= 

amenaum-241, two gross alpha, three gross beta, two pIutmum-239/24O, three uraruum- 
233/234, four uraruum-235, and five ura~um-238 results were detam-4 at concentrahons 

excexhg BUTLs These results also mdicated that one of the sampk that detected umuum- 
2331234 e x d g  BUTLs, and two of the samples that detected umuurn-238 excccdmg BUTLs 

were at concentrations below the inammum background cmceamons The results of the 
samples that are greater than maxlmum background concentratms were all from sod samples 
collected fmm boreholes 56293,56393, 56593, and 56793 and from depths mgmg from 0 to 
8 ft, except one sample that was coliectad from a depth of 6 to 12 ft from borehole 56793 

Q&SS 133,4 TheboundaryoftheareadesgnatedasMSS 1334hasbeenexpandodto1nclude 

an apparent &slurbed area extendmg to the northeast from the ong! trench area (Figure 

2 5 3 2-1) The s m  of the two areas wereesbmated to be 180 by 40 A and 190 by 40 ft, 
respectwe1 y 
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SIX deep boreholes (55593 through 56093) and eight shallow offset boreholes were dnlled wthm 

the area designated as IHSS 133 4 The shallow offset bonngs were dnlled agam in an attempt 

to more accurately define the loahon of the ash pit pnor to dnlhg the deep boreholes 

The eight shallow offset boreholes were dnlled to a depth of 12 ft, with the excepaon of 
borehole 55693A, which was dnlled to a total depth of 18 ft (Table 2 5 3 2-1) Neither bedrock 

nor groundwater was encountered m these boreholes Waste mattnal was encountered m one 
of the shallow offset boreholes (55793A) This borehole was offset apprommately 12 ft to the 

north of borehole 55793 and encountered asbestosantauung matenai (ACM) at a depth of 5 

to 7 ft (Figure 2 5 3 2-11) 

The deep boreholes were dnlled to depths of 8 to 30 fi and encountered alluvial thicknesses 

ranging from 4 2 to 24 ft (Table 2 5 3 2-1 and Figure 2 5 3 2-1 1) Groundwater was not 

encountered m any of the boreholes dnlled in this IHSS Borehole 55993, located in the center 
of the northeastern trench, encountered inmerator residue in the depth interval from 2 3 to 9 3 

ft (Figure 2 5 3 2-10) TIus mcinerator m d u e  was descnbed on the field log as ash-contauung 

glass, metal tumgs ,  and other metaulc Objects Borehole 55693 also encountered a small 

amount of mated that was descnbed as "possibly ash" at a depth of 15 5 ft below None of 

the remauung boreholes witiun the designated MSS 133 4 area encountered ash 

Sod samples were collected for geotechrucal analysis (1 e , parhcle sue analyas) from boreholes 

55593,55693,55793, and 55893 These samples were collected from 0 to 2 ft The results of 

these analyses, are presented m Appendut E, Figures E14 through E17 These results indicate 

that the surface sod in this area displays similar gmn size distnbuQons between samples The 

alluvial matenal was not well-graded, and most of the matenal from the samples are clays and 
I 
I 
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sdts (1 e ,  passed through #200 sieve) Samples mll& ftom these borehok had Sllt/chy 
percentages rangmg from 63 7 to 75 6 percent Based on these percentages, all of the samples 
have been chss~fied as morga~c sllts/morgaruc clays (MLKL) uslng the USCS Smce the 
analyses performed dd not lnclude Attuberg Lrrmts or plas&aty analysu to dctcrrmne sdt versus 

clay percentages, these samples cannot be classdid motc Jpcclficaliy 

Dunng theddhg of these boreholes, field mauEoMg, assdescnbed m secbon2 5 3 2 2, was 

conducted on the core The core dead from bmehok 55S3 was the only core from these 

boreholes from wiuch rcadmlpcxceedq bjrclrgnwnd l c v d s ~ ~  At txmhok 55993, 

bcta/gammpwasdetected rn the field at 1,200 aad2,uloqpmon samplmtalsen from 2 to 4and 

4 to 6 ft, respecttvely The radtabon sxriaus of these samples, however, drd not detect activity 

greater than background levds. The rest of the morutonng results from the OVM, the alpha and 

beta/gamma probes, and -on smcafs werc all belaw repoatable hmts 

Anal f ld  results of the mnmtuats detected aco~cumatim ex-g BUTLs from the scnl 

samples collected from boreholes 56293 through 56793 are presented OR Tabk 2 S 3 2-3 

Met& As presarted m Table 2 5 3 2-3 and Figure 2 5 3 2-7, the metals analyses detected 

two banurn, two cadmum, one cobalt, two copper, one uon, one ruckei, one potassrum, two 
sdver, one an and two zmc results were detected at co~cerrtra~ons e x d m g  BUTLs These 
results also rndmted that tRe banurn, &dt, m, m H ,  and potamurn results were at 

c o n m m n s  below the -mum backgrouad concert- Also, the analysis of the nnsate 
sample that was co- from borthole 55993 lndicatcd that m and nnc were detected at 

conctntratlons of 160 and 14 3 &L, rcspedavdy The remilts of the samples that ex& 
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maxlmum background concentrahons were all from sod samples collected from borehole 55993 

at depths from 0 to 6 and 5 3 to 9 3 ft 

It appears that all of the metals con-on detected exceedurg BUTLs and maximum 
background concentrahons is present down to a depth of approximately 9 3 ft 

Radionuchdes As presented on Table 2 5 3 2-3 and Figure 2 5 3 2-8, the radiological analyses 
detected amencium-241, gross alpha, gross beta, plutonium-2391240, and total uranium at 
concentrahons exceedurg BUTLs and background concentrahons A total of one amencium-241, 
two gross alpha, two gross beta, four plutoruum-239/240, two uraruum-233/234, two u m u m -  
235, and seven umum-238 results were detected at concentrahons exceeding BUTLs These 
results also indicated four of the samples that contatned uranium-238 exceeding BUTLs were at 
concentrahons below the maxlmum background concentrahons All the results exceeding 
maxlmum background concentrations were from soil samples collected from boreholes 55793 

and 55993 at depths rangmg from 0 to 9 3 ft, with the exception of one sample that was 
collected from a depth of 8 to 12 ft The deeper sample was collected from borehole 56093 and 

contamed pluto~um-239/240 exceeding background concentrations (Figure 2 5 3 2-8) 

IHSS 133.5, The area designated as IHSS 133 5 includes the Inanerator Site The area is 

covered wth gravel and cement rubble pdes with scattered m e u c  debns Vertlcal and obhque 
aenal photographs taken in 1966 show the Incinerator while it was m operaQon Its approximate 

locahon has been plotted on Figure 2 5 3 2-1 Anomalies occurring on the EM survey maps 
coincide with the plotted location of the Incinerator, which indicates that the foundation and floor 
of the Incinerator were left in place when it was demohshed The magnetometer data did not 

I 



fully debmate the ate, but concBulcd some weak armmksttrirt my camspad to the bund 

foundaclon 

Two deep borcholcs were dnlled m t f re  area desigMtad as EI,S!3 133 5 (55393 and 55493) and 

two w e ~ t  dnlld dolwnd~pe o f  IHSS 133 5 (55193 anCt 5 5 m  ( F I ~  2 S 3 2-3) AS shown 

on Table2 5 3 2-1 and Figure2 5 3 2-12, theseboreholes wcrednlled from 12 to36 2 ft wth 

bedrock encountered at depths rangir~ i h n  6 to 32 8 R Twoof tBeBaepbolcholes (55393 and 

55493) were located on the north side hsgher up on the slope (Rgurc 2 5 3 2-3), Of the four 

boreholes that were drilled m the WdIUty of this Mss, d y  oaebordloh (55393) en-- 

rmtenal tila may have been ash This fhdlng, hmlulevg, 15 q l a c s t l d  due to the &pth at 

wluch it was found (15 9 ft), its lscatlon, and its faclt. of detectable radmacbwty exccedmg 

background None of the boreholes dded m or adjacent to the $rea ctesrgnated as IHSS 133 5 

encountered groundwater 

Sod samples were collected for geotechrucal analysrs (1 e ,  mclc sue analysis) from each 
borehole from a depth of 0 to 2 ft The results of these anaiyses, are presentad M Appendu E, 
Figures E10 through E13 These results urdtcafe a wde range ta &mal mteM slzt "he 

results of the anaIys1s run on the sample collact#l from bal.ehde 55193 (Figure El@ mdicate 

that the alluvlal matenal wasfinegraxned (1 e ,  63 2 percent of the sample passed through the 

#200 awe) Only 4 7 p m m t  of thesample was gravel ( ie ,  retatoed on the #4 scve), and 

32 1 percent of the sample was sand (1 e ,  passed though the#4 sme but reamed on the#20 

sieve) Basxi on these percentages, tke sample has been classlfied as a W C L ,  usmg the 

USCS 
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The results of the geotechnical analyses run on the samples collected from boreholes 55293 and 

55393 (Figures El 1 and €32) mdicated that the alluwal matenal was coarse gmned (I e , 36 6 

and 49 6 percent of the samples were rewed on the #4 sieve, respcctrvely) Also, the samples 

collected from boreholes 55293 and 55393 had 33 and 19 4 percent slltlclay (I e , passed through 
the #200 sieve), respechvely Based on these percentages, these samples have been classified 
as GM/GC, usmg the USCS 

The results from the geotechmcal analysis run on the sample collected from borehole 55493 
m&cated the sample to be well-graded sand (SW) uslng the USCS The sample consrstad of 
23 1 percent gravel (I e , retamed on the #4 sieve), 72 6 percent sand (I e , passed through the 

#4 sieve but remned on the #200 sieve), and only 4 3 percent silt/clay (I e , passed through the 
#200 sieve) 

Dunng the d d h g  of these boreholes, field momtonng, as described ~II Section 2 5 3 2 2, was 

conducted on the core All of the monitonng results from the OVM, the alpha and betdgamma 
probes, and radnuon smears were below background levels 

Analpcal results of the constituents detected at cOnWntfatlOnS exceeding BUTLs from the sod 

samples collected from boreholes 55193 through 55493 are presented on Table 2 5 3 2-3 

Metal3 As presented on Table 2 5 3 2-3 and Figure 2 5 3 2-7, one banam, one copper, and 

two manganese results were detected at concentrahons exceeding BUTLs These results also 

indicated that the banum and manganese results were at concentraaons below the rnaxlmum 
background concentrabons The results of the sample that detected copper exceeding maximum 
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background concentrahms was h m  a soli sample collcctcd from bordmle 55193 at depths of 

6 to 8 Et From these results, it appeats that them u no met& e u n m h o n  at this site 

padion- As presented on Table 2 5 3 2-3 and Fipm 2 5 3 2-8, tkt rad~oiopcal analyses 

detected amencium-241, plutomurn-239L240, and i~amm-238 at conenfrattons excecdlllQ 

BUTLs A total of thra amenclum-241, one plutomurn-239/240, and two araruum-238 resuks 

were detected at concentrations exwdmg BUTLs Tlrese results also mdicated that the samples 
that detected plutoruum-239/2~ and uransum-238 cxceahg fuJTLs were at concentrahons 

below the -mum bsdrgnwnd comumm~ The ramb of the sampies that detected 

amencrum-241 excccdtnQ maxmunr background amxamom wee &om sod samples collected 

from boreholes 55193 and 55293 brn depths of 0 to 8 and 0 to 6 ft, mpcctxvely Thenfore, 

it appears that only ammaurn-241 contamtna$on is present m CbtlCeRtfatlons greater than 

maxfmum background concentrat~ons and is not present below the depth of appmumately 8 fl 

m m  IHSS 133 6 encompasses the Concrete Wash Pad area that was acme dumg the 

1950s The general configwon of the ate was denved from vertrcal aend photographs 
(Figure 2 5 3 2-1) The concrete appeared to be the thxkest along the north side where 

presumably, the trucks dumped thw concrete loads and were washed out 

Three deep boreholes, 54893,54993, and 55093 were dnlld downslope of the area desgnated 
as IHSS 133 6 (Figure 2 5 3 2-3) to depths of 15, 14, and 14 5 ft, rcspeavcly (Table 2 5 3 2-1 

and Figure 2 5 3 2-13) Claystone bedrock was encountered at depths ranging from 8 2 to 9 3 
ft No suspected ash matmid was encam- m the three boreholes One borehole (55093) 

encountered groundwater at a depth of 5 ft (Figure 2 5 3 2-13) A groundwater sample was 

collected from a depth of 6 to 8 ft vra the Hydraputrch n0 groundwater'samphg system 



EG&G ROCKY FLATS PLANT Manual 211OO-W-OU05 1 
Techmcal Memorandum No 15 SectIOU 2 0, Draft Final Rev 0 
Amended Field Samplrng plan -ge 2-147 of 2-216 
Volume 2 Effective Date  may 13, 1994 
Category 1 Orgalllzation Environmental Remechation Div 

A sod sample was collected for geotechrucal analysls (i e , parhcle sm analysis) from borehole 
55093 from 0 to 2 ft The results of this analysis are presented ln Appenduc E, Figure E9 
These results lndicate the surface matenal to be well graded Based on the gram size analysis, 

6 1 percent of the sample was gravel (1 e , retamed on the #4 sieve), 50 8 percent of the sample 
was sand (1 e , passed through the #4 sieve but retamed on the 4200 sieve), and 43 1 percent 

of the sample was sdtklay (1 e , passed through the #200 sieve) This sample has been 

classified as a SM/SC, using the USCS 

DuMg the drdhg of these boreholes, field morutonng, as descnbed rn Sectton 2 5 3 2 2, was 

conducted on the core All of the morutonng results from the OVM, the alpha and beta/gamma 
probes, and radiahon smears were below background levels 

Analyt~cal results of the conshtuents detected at concentranons exceeding BUTLs from the soil 
samples collected from boreholes 54893, 54993, and 55093 are presented on Table 2 5 3 2-3 
IHSS 

Metals As presented on Table 2 5 3 2-3 and Figure 2 5 3 2-7, the metals analyses detected 
only banum at a concentraoon exceeding BUTLs This conshtuent was detected only at 
borehole 54993 and at a concentmoon below the maximum background concentrabons 
Therefore, it appears that metals contaminanon is not a concern at this IHSS 

Radionuclides As presented on Table 2 5 3 2-3 and Figure 2 5 3 2-8, the radiological analyses 

detected only plutonium-239/240 at concentrahons exceeding the BUTL This conswuent was 
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detected at boreholes 54893 and 55093 at conmtratms below the -mum b a c k g k n d  

concc~~trat~ons Therefore, it appears that rad~onuchdc contamtnaton is not a concern at thu 

IHSS 

Table 2 5 3 2-2 mcludcs the analytwal resultsof the groundwatep sample collected from borehole 

55093 As shown m ttus table, the results of labon#wy a d y m  of groundwater samples &d 

not detect any rad~onucl~des wtth concentrat~om ex-g BUTLs The results, however, do 

lndlcatc the presence of metals 

The d s  coilstl-ts that were dc&a#l at c o n c c n m  CxcuedlIlg the BUTLS Include 

d u m u m ,  b u m ,  chmum, m, lead, mkd, potasslum, and vanadium All of these 

conshtuents were detected at c o n c e n ~ m s  that exceed the maxlznum background concentrahons 

wth the excephon of lead, mckel, and vanadzurn In add~tm, mckd was also detected m the 
lab blank that was ncn wth thrs sample 

A pmously undocumented jnt and disturbed area was idenbfied dunng 
the =rial photograph m e w  (Figure 2 5 3 2-1) Two deep twmfioles, 57493 and 57593 were 

dnlled m h a r c a .  Theseboreboles werednlled todepthsof 304 and 18 ftand encoulltcIcd 

claystone bedrock at depths of 18 6 and 1 1  7 ft, respec~vely (Table 2 5 3 2-1 and Figure 

Groundwater was enamnted m borehole 57493 at appnrxlmately a depth-of 16 ft However, 

there was not enough water present to collect a sample 

2532-5)  N ~ ~ a s h ~ w a s e n c o u n t e r e d l f i a t h c r o f t h e s e t w o b o ~ h ~  

One sod sample was collected for gmtcchcal analyns (I e ,  parttcle slze analysis) from 
borehole 57493 at 0 to 2 ft The results of thrs analyns, are presented LR Appendrx E, Figure 
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E19 These results lndicate tlus sample to be well graded and clasnfied as a GIWGC usmg the 
USCS Thls analysis revealed that 27 9 percent of the sample was gravel (1 e , retamed on the 
#4 sieve), 23 7 percent of the sample was sand (1 e , passed through the #4 sieve but retamed 

on the #200 sieve), and 48 4 percent of the sample was sfitMay (1 e , passed through the #200 

sieve) 

Dunng the d d h g  of these boreholes, field momtonng, as descnbed m Secbon 2 5 3 2 2, was 

conducted on the core All of the morutonng results from the OVM, the alpha and bedgamma 
probes, and radmon smears were below background levels 

Analpcal results of the consatuents detected at concentrabons exceeding BUTLs from the soil 

samples collected from boreholes 57493 and 57593 are included in the summary on Table 
2 5 3 2-3 

Metals No metals constltuents were detected at concentrabons exceeding BUTLs at tlus 

locaaon Therefore, it appears that metals contamination is not a concern at this site 

Radionuclidq As presented on Figure 2 5 3 2-8, the radiological analyses detected only gross 
beta and uraruum-235 exceeding BUTLs A total of one gross beta (57493) and two uranium- 
235 (57493 and 57593) results were detected at concentrabons exceeding BUTLs Both of these 

consbtuents were detected at concentrabons below the mmmum background concentranons 
Therefore, it appears that radionuclide contaminahon is not a concern at this locahon 

HPGe Anom& A prewously undocumented waste disposal area was identlfied by the initlal 

HPGe survey One deep borehole, 58093, and one shallow offset borehole, 5809319, were I 
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drilled wlthln thrs anomaly The shallow O f f ~ b o n n g  wasdrrlled to 5 A, where rad1- 

was detected on the down-hole d n h g  equipment (400 cpm fidd madmg), mdieamg the 
presence of waste Therefore, tlus bOMg was a h d d  and the ng was offset to dnll the dap 
bOMg BOMg 58093 encounted IIWed, On the fidd log aS ash, br0)Oen 

glass, and metaufc debns, at approx~mately 4 5 to 10 ft 
appn>rumately 7 ft, and claystone bedrack was encoraffiered at 10 ft (Table 2 5 3 2-1) 

Groundwater was encountered at 

Dunng the d d h g  of tius borehole, field morutonng, as described m Stxt~on 2 5 3 2 2, was 

at 2 to 4 and 6 to 8 ft, respecttniy Theresuits of theadiatton smear counts from thee 

samples, however, wen not greater than bdcgmpmd levels The rest of the monitoring d t s  

from the O W ,  the alpha and W g a m m a  probes, and the sample radtatlon smears were all 

below background levels 

c o n d ~ o n t h e c o r e  ~ m a a e t l M t y w a s d e d s c t s d m t h e f i e W a t l ~ 0 0 a n d 1 , 0 0 0 c p m  

A groundwater sample was collected at borehole 58093 at 8 to 10 ft This sample was analyzed 

for TAL metals, total u m u m ,  plutomum, amenaum, gross alpha, and gross beta, only Table 

table, the rad~onuchdcs detect& at concentiablons excdmg BUTLs urctuded plutomum- 
2391240, urmum-233/234, uraruum-235, uranrum-238, gross alpha, and gross beta Thcse 
consbmts  were ali de&%d at concentratams that exceed the maxrmum background 
concentrabons 

2 5 3 2-2 presarU the srnalytlcal rcs~lts of ttre gr~~dmm S@C collected AS shown ~a ttUs 

There were five metals, cqpcr, won, potassrum, silver, and ZUIC, detacted at concentrattons 
exceedmg the BUTLs (Table 2 S 3 3-2) Copper and Aver arc the only metals that were 
de- at cnn=mons that exceed &e maxlmum background umxntrabons Copper was 
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detected at a WncentrahOn of 3 11 pg/L, and sdver was detected at a concentrahon of 28 2 pg/L 

Iron, potassium, and mc were all detected at concentraoons below the maximum background 

concentrahons at 16,900, 5,560, and 326 pg/L, reqxxovely 

Analymal results of the conshtuents detected at concentrafions exceeding BUTLs from the sod 

samples collected from borehole 58093 are presented on Table 2 5 3 2-3 

Metals As presented on Table 2 5 3 2-3 and Figure 2 5 3 2-7, the metals analyses detected 

anhmony, cadmum, chromum, copper, mckel, silver, and mc at concentrahons excedmg 

BUTLs These conshtuents were all detected in the sample collected fram a depth of 0 to 8 ft 

All of these constments, except for nickel, were detected at concentrahons exceeding the 

maximum background concentrahon Based on these results, it appears that the invesbgahon 

was successful m fmdmg an unknown locabon of waste disposal However, it appears that all 

of the metals contaminahon detected exceeding maximum background concentrahons is not 

present below the depth of approximately 8 ft 

Radionuclides As presented on Table 2 5 3 2-3 and Figure 2 5 3 2-8, the radiological analyses 

detected amencium-241, gross alpha, gross beta, plutonium-239/240, and total uranium at 

concentrahons exceedmg BUTLs and background concentrahons Each of these! conshtuents 

were detected m concentrahons exceeding the maxlmum background concentrahons in the Sample 

collected from depths of 0 to 8 fi The sample collected at a depth of 10 to 11 7 ft detected only 

uranium-235 and uranium-238 at concentrabons exceeding BUTLs However, the uranium-235 

detected at thrs depth was below the maxfmum background concentrahon where the uranium-238 

was at a concentrahon exceeding the maximum background concentrahon Based on these 

I 
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results, it appears that the mvesttgaQon found an unknown locat#a of WBaC cllspcljal Hcwcvcr, 
it appears that the radxmuchde contammmon IS not present below of appmx~mately 11 7 ft 

2 5 3 3 Invest~gahon of Magnct~c Anomaly 

The mveshgat3on of an anomaly identlfid by the magnets s w e y  of the l"SS 133 area (see 

Seaon 2522-1)  was also conducted as part of Stage 3 act~wtm and IS described m th~s 
semen The performance of ttrts myestt&at~)~~ was not spar#fied m the OU5 Work Plan 

2 5 3 3 1  

Results from the magnac survey c0dtxtu-J m Stage 2 of the Phase I Invc.st~gatrort discussed m 
Secoon 2 5 2 2 m&catcd an anomaly on the west slde of the Mss 133 arca (Figure 2 5 3 3-1) 

Since the dimensions of ttus anomaly were simrlar to the Ash Rts, it was necessary to 

invesbgate this anomaly m the event that an unknown ash pit was at thts luattton Th~s aMlmaly 

was mvestqated by d-g three sal bcmngs along the long axis of the anomaly F i r e  

2 5 3 3-1) m accordance unth a letter dated July 19, 1993 (Appemhx A) 

2 5 3 3 2  

Three sod borrngs (64493,64593, and 64693) were urstabiby advmcmg ahydrauircally-dnven 

Kansas Sampler rn accordance wth SOP GT 02, DCN 93 Q3 With th~s tdmque,  samples 
were collected lIIstde a clear polyethylene tube hung the Kansas sampler-mrc barrel Once the 

m e  barrel was rtmoycd from the borehole and the sod was extfactcd from the liner, it was 
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scanned with an alpha and a bedgamma probe to detect radioactiwty, and an OVM to detect 

VOCs The recovered sod was then measured and visually logged and classified 

Soil samples were collected from ground surface to a depth of refusal Six-foot composite 

samples were collected from these soil bonngs and analyzed for TAL metals, total uranium, 

plutomum, amencium, gross alpha, and gross beta In order to obtam these composite samples, 

the recovered core was placed in a safe locaaOn, out of direct sunhght, until three consecutive 
24-inch samples were obmned Once the three consecuttve samples were obtsuned, the sod was 
nuxed mto a &foot compoate, and placed in appmpnate contamers for laboratory analysis, 

accordrng to SOP FO 13 

In addihon to the 6-foot composite samples, 2-foot composite samples were collected from the 

top 2 ft to assist in the ecological assessment study These samples were analyzed for the same 
constltuents as hsted in the previous paragraph 

2 5 3 3 3  ResultS 

Boreholes 64493,64593, and 64693 were dnlled to 14,20, and 16 ft, respemvely Total depths 

were based on equipment refusal, thus bedrock was not encountered in any of these bonngs 

Refusal was expenend pnor to reachmg bedrock in all three boreholes No ash, waste 

matend, or groundwater were encountered in these boreholes The alluvial matenal 

encountered appeared to be undisturbed Rocky Flats Alluvium 
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Dunng the dnlltng of these boreholes, field motutonng, as deacnbsd m sbctron 2 5 3 3 2, was 

conducted on the core The morumng results from the O W ,  the alpha and beta/gamma 

probes, and radmQon smears were all below background lwds 

Sod samples were colla%&, as described above, and sent for labommy analyses The a-le 
analfld results for thu TM wesc obtauled from the EG&G's RFEDS The Uralybd results 
for the sorl samples collected from batesIoles 64493, 64593, and 44693 lncluded only 

mhonuchde constituents and TAL mctak VOCs and SVOCS were not tmcd bccause the waste 

swpectedof h g  dispsed of m thlsareahad ban lnancmd pMlr todlsposat Themfom, 
any VOCs or SVOCs would have baJl destroyed d m g  mcmemtm 

Analflcal results of the conshtuents detected at cuncummons cxceechng BUTLs from the sol1 

samples collected from boreholm 64493 through 64693 are suBfmafized on Table 2 5 3 3-1 

As presented on Table 2 5 3 3-1, the metals analyses daected one b u m  result and 

one mckel result exceedmg BUTLS and at umccntrations below the -mum background 

concentr&ons The h u m  was detected m a soil sample coiIaed fn#n borehole 64693 at 

depth of 0 to 6 ft Themckd was U m a Joll sample collecred from borehole 64493 at 

a depth of 12 to 14 ft 

As pr#errted on Tabk 2533-1,  the radscmuehde analyses detected two 

plutomum-239/240 results at collcentratlons e x d m g  BUTLs These results were from sod 

samples collected from boreholes 64493 and 64693 The sample collected from borehole 64493 

was detected at a conccntrahon below the -mum background c o n c a m o n  The sample 

collected from borehole 64693 was detected at a wnccmatm of 0 076 pCdg 
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2 5.4 Stage 4 

Stage 4 acbwhes at the MSS 133 sites consisted of the mstallatmn and sampling of groundwater 

monitonng wells and aquifer testmg The implementahon and results of these acuviues are 

discussed in this secbon 

2 5 4 1 Groundwater hvesbgahon 

The OU5 Work Plan specrfied that momtonng wells be lnstalled and sampled at the IHSS 133 

sites The Work Plan further stipulated that the deals of the groundwater monitonng program 

be outlined III a TM to be approved by EPA and CDH pnor to implementabon 

2 5 4 1 1 Introduct ion 

According to the OU5 Work Plan (DOE, 1992a), three rnonitonng wells were to be tnstalled III 

IHSS 133 as par& of the OU5 Phase I RFURI The OU5 Work Plan sbpulated that the exact 

location, type, and number of monitonng wells would depend on the results of the prelimrnary 

Phase I mveshgatIons and that this informaaon would be presented to the agencies in a TM 
TM9 was prepared and issued to the agencies on June 18, 1993 (EG&G, 1993g) This TM 
proposed four wells to be installed downgradient of IHSS 133 (Figure 2 5 4 1-1) The purpose 

of these wells was to monrtor future and present mntanunant levels downgradient of IHSS 133 

and to help estabhsh future or present contaminant migrabon problems 

The proposed monitonng well locahons presented III TM9 were selected based on the results of 

the aenal photograph rewew, the HPGe survey, the geophysical surveys, the soil bonng 
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program, the well p m t  water-level data, and field mmmsmcc Three cross scct~ms were 

developed from field logs of premously mstakd sod bonngs to assess potentmi groundwater 

flow paths Flow pths of parhcular rnterest were those origbtmg fmn, or g a g  through, 
areas that were known to have mtatncd ash or waste matemtl because of thur mcI#Lscd 
lkhhood of transporting contamuratuwr 

One monitomg well locatton, 58793, praposed on the cast end of the MSS 133 area (dengnatal 

as "A" on Figure 2 5 4 1-l), was selected based an a number of facton Fmt, two of the ax 

boreholes dnllcd w i h n  theiucadcsgnaWas IHSS 133 2 as apart of thestage 3 sorlbonng 

program CROOUntCdCd ashand t h r e c ~ ~  scloond, It was thought that an 

alluvial channel m a y b e m d  rn bedrockbeneath IHSS 133 2 A well locatedm thtspossible 

channel would presumably characterize groundwater pcrcolatmg through 

assomted wnth IHSS 133 2 F d y ,  groundwater percolatmg through the dijturbeb area located 

to the northeast of MSS 133 2 mght also be charactulzed wth a well at thu locabon, because 

bedrock appaucd to slope from the disturbed area toward thecbannei 

The propod locat~on for the rnotutomg well 63093 posltloned to the south of the HPGe 

anomaly (destgnated as "C" on Figure 2 5 4 1-1), was located III an attempt to characterize 

groundwater that may have percolated through HPGe anomaly (borehole 58093 was dded 

dmctly m the center of thu anomaly) Abedrocklow beneath borehole 58093 was assumed to 

beapotentd flow path for d#~aablmrnants a85oc18ted wth &IS bomg It was also assumed 

that bedrock slopes to the south, dmctmg groundwater w t h  &IS channei toward the proposed 

well locahon 
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One momtomg well was to be poshoned to the southwest of borehole 56393 (desgnated as “B” 

on Figure 2 5 4 1-1) 111 an attempt to charactenze groundwater that may have percolated through 

the waste associated with the contammation detected in borehole 56393 The direchon of flow 

of groundwater affected by contammants detected IXI borehole 56393 was thought to be to the 
southwest This assumption was based on an interpretahon of bedmk surface topography and 

the lithology of the alluwum w h  the IHSS 133 1/133 3 area Field borehole lithologic logs 

from boreholes 56393, 56493, 56793, and 56693 indicate that the alluvlai matenals are 

predomantly clay The alluvial rnatenal m borehole 56593 is clayey to sdty sands and clayey 

to sandy gravels from a depth of 4 ft to bedrock Tius mformatlon, together wth borehole 

56593’s depth to bedrock, appeared to indicate a preferential groundwater flow path to the 

southwest, though groundwater was not found at this loahon 

The proposed locauon for the westemmost well (desgnated as ”D” on Figure 2 5 4 1-1) was 
chosen in an effort to charactenze groundwater travelhng to the southwest from the IHSS 133 4 

boreholes, west of borehole 55893 It was presumed 111 TM9, that groundwater would flow to 

the south and west from these borehole locahons This was based on the probable slope of 

bedrock, and the flow of Woman Creek to the east No geologic control (borehole logs) existed 

to venfy this asSUmphOn 

Upon compiehon of well installabon acbvihes, one area within IHSS 133 was selected for field 

charactenzaaon of aquifer parameters Charactenzaaon of aquifer parameters was necessary 
to provide mformabon for hydrogeologic groundwater flow models to be developed as directed 

in the OU5 Work Plan 
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One-hmC gnwndwater -phg GO- two W d  pomts, 62593 and 62693, ~XIstalled 

in seeps near MSS 133 (Figwe 2.5 4 1-2) 

investlgabon of seeps and sprurgs 

These well pants-were m d e d  as part of an 

Hollow-stem augers were used for dvancmg the tkne burekh~  rn which wells 58793,59093, 

and 6-3 W- installed h -wt& SOP cr"r a ( F v  2 5 4 1-2) The borne wett 

drrlled 4 to 5 fi Ukb W d W d  m k  Ul -Wth the WOfk @r>E, I-) 
Dunng thednll!ng of thebomhck, soil samples were- fbrckemical and 

analyses Samples were coktcd by drkrlng a spbt-qam sampkr wrth a 14O-pou~ shde 
hammer Once the sampler was removccC from the borehole and opened, its contents wete 

scanned wth an alpha and a beta/gamma probe b detect radiciactw~ty, and an O W  to defect 

VWs The recovered core was then measured, examined vrSu;llly for the presence of wastc 

material, and the hthoiogy was classfied and logged 

Soil samples were collected from ground surface to the first bedrock interval Sur-foot 

c o m p t e  samples were d e m d  and analyzed for TAL metals, total urantum, plummum, 

amenaum, g n ~ d  alpha, and g- bcta, a~ s p ~ ~ ~ f i d  111 the OU5 Wmk Plan (DOE, 1992a) and 

TM9 (EG&G, 1993g) In order to &tun these compcmtc samples, the sunples were placed m 
a safe locatton, out of dmct sunhght, untd three msecave 24-mch, or four consecuave 18- 

inch samples totahg the quai 6 A, were csllected "he soii was thcn nuxed rnto a &foot 

compoate and placed in appropriate amtamers for laboratory anaiym 
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In addihon to the &foot composite samples, 2-foot composite samples were collected from the 

top 2 ft of the boreholes to assist in the ecological assessment study These samples were 

analyzed for the same consntuents as the &foot composite samples &scussed above 

Following the complebon of a bonng, 2-inch inside diameter PVC wells were installed 111 

accordance wth SOP GT 06 These wells were constructed mside the &1/4-inch inside diameter 

hollow-stem augers The bottom of the 10-foot screened interval was located at or near the 

bedrocWalluvium contact for wells 58793 and 59093 (Figure 2 5 4 1-3) The bottom of the 10- 

foot screened interval IZI well 63093 was located 2 4 ft below the top of bedrock, because 

sandstone was encountered at the bedrock contact Silica sand was rnstalled wthin the annulus 

between the boreholes and the well casings from just below the bottom of the screened intervals 

to a range of 0 6 to 2 6 ft above the top of the screened intervals Bentonite seals were installed 

above the filter packs at thicknesses rangmg from 2 8 to 3 9 ft Each well was then completed 

by f i l h g  the remsunrng annulus with concrete, installing a steel, loclang, protectwe casing, and 

construchng a 3- by 3-foot concrete pad around the protectwe casmg 

All of the wells installed in IHSS 133 are being sampled on a quarterly basis The first round 

of quarterly samplmg was conducted dunng June 1993 If enough groundwater is present at the 

time of samphg, groundwater samples are analyzed for unfiltered total chromium, beryllium, 

gross alpha, gross beta, uranium-2331234, uraruum-235, umum-238, plutonium-239/240, 

amencium-241, TAL metals, TCL VOCs, TCL SVOCs, and filtered total u m u m ,  plutonium- 

2391240, cesium-137, stronhum-89/90, amenaum-241, anions, and TDS 

Based on development and samphng histones, only well 58793, located downgradient of this 

area, appeared to be produchve enough to warrant aquifer testmg (Figure 2 5 4 1-4) The 
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geolwc log of well 58793 mdicatd the prcsmcc of pcmebb0 and porous mated, 

predommantly sand, gravel, and clay Well 58793 is locdttad downgradtent of the Ash Prts 
Idat i f id  a~ MSS 133 2 Thr# 0 5-mch drametet well pomt?r 63593,63693, and 63793 wcsc 
installed as observahon wells at approxlmatcly 3,6, and 9 ft from purnplng well 58793 (Figures 

2 5 4 14and2 5 4 1-5) Themstalhmof these well pornrs~stisscu& m Sectton2 4 4 2 2 

The obscavptlon wells were developed w g  a "rawhidmg" mdmd as discussed m Sectron 

2 4 4 3 2 and the pumpmg well wasdcvelap#l m accdamewrth SOP GW 02 A transducer 

was installed ln pumpmg well 58793 to electrom&y record water levels In additxon, water- 

level readurgs wue taken by h a d  m drtpumpmg well with a standad ~ - 1 c v e l  md~ca!or to 

three observatlorr wclls with two 3/8-mch diamcrer Slope kkator meters a d  one manometer 

C O I I I ~ ~ ~ C  to the - y - m  l ~ &  W - M  taben by hand UI the 

i 

Construcaon of well polnts 62593 and 62693 was srrmlar to the well pcnnts mstaUed at IHSS 115 

and discussed ln Sectmn 2 4 4 2 Both were sampled fa VOCs Well pomt 62693 was sampled 
far the entue suite of analyses as listed on Table 2 4 4 2-1 A SI& samplmg procedure was 

used as presented ln sectloll 2 4 4 2 

2 5 4 1 3  

Nme locations were drdlcd m the MSS 133 sen- area rn the attempt to mstaU the fow proposed 

mmtonng wells Groundwater was encountend m only three of the me locations (58793, 
59093, and 63093) (Figure 2 5 4 1-2) The well locatms that &d not encounter groundwater 

were plugged, abandoned and reciassl&d as boreholes (58893, 58993, 59693, 61193, 61393, 
and 61493) Wells 59093 and 58793 wcrc located as ongmally proposed ln TM9 (Figure 

2 5 4 1-2) The thud well was finally mstalled after several attempts In the first attempt, 
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borehole 58893, waste was encountered in the interval from a depth of approxlmately 5 6 to 6 

ft This waste was descnbed as white fibrous matenal med with ash and a burnt wood 

fragment This bonng was abandoned and five other attempts to find groundwater were made 
before well 63093 was installed 

The recovered core was visually logged as the boreholes were advanced, accordmg to SOP 
GT 01 It was later more carefully examined and classified utdmng sieves and other equipment 

at a designated loggmg facihty, as requued in SOP GT 01 The results of this effort mdicated 

that the bedrock encountered at wells 58793 and 59093 was claystone The top 2 5 ft of bedrock 

encountered at well 63093 was sandstone, gradmg to sandy claystone below t h ~ s  depth (Figwe 

2 5 4 1-2) The alluwal matenal encountered in boreholes 58793,59093, and 63093 was 24 6, 

14 3, and 19 6 fi thick, respecuvely 

Groundwater was encountered dunng dnlling at approximately 11 4 ft at borehole 58793 (Figure 

2 5 4 1-2) At boreholes 59093 and 63093, the soils were descnbed as having only some 
moisture Water levels were taken 111 the three wells dunng August 1993 Well 58793 had the 

greatest saturated interval of 1 1  12 ft, well 59093 had a saturated interval of 2 17 ft, and well 

63093 had a saturated interval of 0 98 foot (Figure 2 5 4 1-2) 

Dunng the d d m g  of these boreholes, field momtonng, as descnbed 111 Secbon 2 5 4 1 2, was 

conducted on the core The momtonng results from the O W ,  the alpha and bedgamma 

probes, and radiabon smears were all below background levels 

Monitonne Well Borehole So 11 SalllD la The analyucal results from the soil samples collected 

from the IHSS 133 morutonng well boreholes aviulable as of January 28, 1994 include TAL 
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metals and x a d m u c h k  Because the 133 series a m  amtams pnmanly mamafar 

resdue and ash mate&, no analyses to detect orgatllc compounds were @imncd on the sod 
samples taken m the IHSS 133 smes area Table 2 5 4 1-1 JummatjztJ the results fbf TAL 

metals and Monuchdcs detected at concenmtxons exccedmg BtJTLs 

&let& The TAL metals analyses restilted m three amstamam, antammy, banum, and m c ,  
e x d i n g  BUTLs Two samples from wdls 58893 md 61493 ataQcptbsof 0 to 2 and 6 to 12 
ft, respectively, had h u m  conccntranons of 374 and 369 mgkg, rcspamely, exceedurg the 
BUTL One sample from well 58993at adcpth of 0 to 6 B W  lilmtzmony ccmcentratuntof 

52 mgkg whcb exceeds the BuTt One sample fkom d611B at adapth of 6to 10 fthad 
a m c  conccntratmn of 298 mukg whch a d s  the BUTL 

RadionuchM Plutomum-239/240 was detected at m n ~ ~ ~ ~ ~ m g  the BUTL in rhme 

sod samples taken from the MSS 133 momtonag well boreholes It was detected in a sod 
sample collected from well 58993 at a depth of 6 4 to 10 ft, onefrom well 59093 at a depth of 
0 to 6 ft, and one from well 61193 at a&@ of 6 to loft. ~eoarccntraaiOns dwCtett were 

0 042, 0 037, and 0 068 pWg,  respectively 

M o n w g  Well The dpd results from the groundwater samples 
collected from the rnozlltonng wells rn MSS 133 dunng the quarterfy samplurg events available 

as of January 28,1994 mclude TAL, metals, radionu&&, PeJhcxks, PCBs, and water @ty 
parameters Because the MSS 133 senes area m w s  pnmaniy mcmczamr residue and ash 

matenal, no analyses to detect SVOCs or VOCs were performed on the samples taken m the 

MSS 133 sene area Table 2 5 4 1-2 summarizes the auidytd results for TAL m e a  and 

radionuchdcs that ex& BUTLs 
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Me- Of the momtonng wells being sampled, TAL metal analyses revealed only one well, 
58793, in MSS 133 wth metals concentmuons rn the groundwater exceeding BUTLs Analyses 

of a sample taken on June 18, 1993 resulted in 18 consmuent concentrabons that were greater 

than BUTLs (Table 2 5 4 1-3) Of these, 16 also exceeded the maxlmum background 

concentratton for these constttuents Analyses of a sample taken on August 12, 1993 resulted 

in 12 constltuent concentrations ex&ng BUTLs wth eight of these also greater than maxlmum 

background concentrabons Analyses of filtered poruons of these same two samples resulted in 

only manganese concentmhons exceeding both the BUTL and the maximum background 

concentrimons 

Radionuclid- Radionuclide analyses of groundwater samples revealed only one well, 58793, 

with radionuchde concentmuons exceedrng the BUTLs Analyses of a sample taken on June 18, 

1993 resulted in total radium-226 (1 4 pCi/L) and total amencium-241 (0 058 pCi/L) 

concentrahons exceeding BUTLs Analysis of a sample taken on August 12, 1993 also resulted 

in a total radium-226 (3 9 pCdL) concentration exceeding the BUTL 

PeShCi des and Polvchlonnated BiDhenvls IPC~ B fi No pesbcides or PCBs were detected in IHSS 

133 monitomg well groundwater sample analyses avadable to date 

Water 0- Water quality analyses identlfied parameters exceedlng BUTLs only 

in well 58793 The sample taken on June 18, 1993 contamed total suspended sohds and chlonde 

concentmuons (12,000 and 64 mg/L, respectively) exceeding BUTLs The sample taken on 

August 12, 1993 contamed the same two parameters (8,000 and 54 mg/L, respectwely) in 

concentratlons exceeding their respectwe BUTLs 
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A p p c l ~ x  B includes the resuits of chermcal analyses of SamphCT colhed from well prim 

62593 and 62693 None of the organrc cmmtuam that were analyzud for were detected Nor# 

of the general water quallty paran#c#s, metals, OT radtonudtdesrwere detectevl excedmg 

BUTLS 

7 Attempts at pcrfmmng a contl~luous punpng mc;pqutfer test on well 

58793 wert u n s u d  Inf- gatherd fiom spimpltng paparworkon h s  well mhatcd 

it recoveted rapidly and &d not dewater dunng purgmg and Jamplrng No drawdown to 
lns@cant drawdown wasreumkd m theobsmmon wellsdunng testing, and mcmmmnts 

of drawdown m the pumpmg well were mt analpable. The&- curve in the pumplng 

well probably consrsts of wellbore storage and storage in the 10- to 12-mch filter pack, wth 

mmmal conrnbutlon from the foxmahm h1-e  logs of Bumplag wedl 58793 indicate that 

a sand and gravel unit exlsts ffom 12 to 14 ft bdow the surfkc Dumg development and 

samphg earher m the year, the smc water level was above thrs wut When aqtlrfer testing was 

attempted m late summer, the stmc water level drew d m  tn the base of thrs umt It seems 
likely that thrs urut is the productwe unit and that the remamug 10 ft of sandy clay and clayey 

sand beneath thts umt are relatwely impermeable 

2 5 5  AmbktAirMonitonng 

Ambient au momtonng actmba asocmted wth the ate charpctenzation of EISS 133 were 

simdar to those conducted for the mveshgatton of MSS 115 These actr\ntlc9 are discussed m 
Sectmn 2 4 6 1 
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2 5 5 I Introduction 

The RAAMP network and the special samplers for OU5 are discussed in Secuon 2 4 6 1 

Sampler SI02 is posiboned as an upwnd sampler for OU5 

loahon from IHSS 133 

SlOl is situated at a downwnd 

H&S monitonng for orgmc gases and radnbon as descnbed in Secaon 2 4 6 1 were also 

implemented for IHSS 133 Personal an samphg for ACM was also conducted dunng those 

d n b g  operahons when suspect matenal was encountered m IHSS 133 

c 

2 5 5 2  Procedures 

The operanon of the ambient samplers of the RAAMP network is discussed in Secuon 2 4 6 2 
H&S monitonng for organic gases and radiahon was conducted at IHSS 133 in the same manner 

as the momtonng performed for IHSS 115 See Sectlon 2 4 6 2 for the discussion of the H&S 

monitonng procedures 

When ACM were encountered dunng field invesbgabon of IHSS 133, the H&S techmcian wore 

an Alpha1 personal a u  sampler The sampler pump was cahbrated according to manufacturer’s 

instructlons at the begmmg of each work day The personal an sampler was operated at all 

times when ground disturbance acbvibes were conducted Air sampler filters were analyzed by 
a commercial analybcal laboratory 



2 5 5 3  Results 

Results of the RAAMP samplers arediscussad m Sectlon2 4 6 3 The samphg results ofthe 

special OU5 sampler (S-101) situated downwnd of IHSS 133 arc stmrlat to those for thc MSS 

115 d0Wn-d .c~anpk (5-100) ExarmrrzrtHln of the @ OUS m p k  data mdu#tes that the 
uranrum-233/234 and uranrum-235 rtsthts are wthm the same order of -tude for both the 

S-101 sampler d o w n ~ d  of IHSS 133 and the S-102 ~pwgld Of OUS These 
prehrmnary data secm to mhcate no dmcxmble contnbubons to mtncnt corrcentratlons of etther 
urantum-233/234 or u~amurn-235 from MSS 133 TIUS same aaalysw appmrs to apply also tu 

plumuum-239/240 m the case of Mss 133 The amenurn-241 and manrum-238 a- 

ummtratlons for the d o w n d  s-101 sampler are OIIC order of rnagnrtude greater than the 

average concentrabons of the upwrnd S-102 sampler Contnbubons to ambient concentmbons 

of amencium-241 or uranium-238 by IHSS 115 appear p0Ss;lble In all cases, for all data, 

conclusions about possrble rahonuchde emssIoIIs from IHSS 133 can be made only after 

complete stabstlcal analysts of vahdated data 

No elevated orgamc vapor levels were observed dunng fWi mvestigamns of IHSS133 
Elevated beta-gamma rcadmgs grcatertbim t background of less than 250 cpm were encountered 

dunng sod bonng actmt~cs at locacu#w 55993 (2,500 cpm), 56893 (1,ooO cpm), 55993 (850 
cprn), 56393 (7,500 cprn), and 58093 (600 cpm) 

Levels of ACM were reported from the personal att sampler filttps worn by H&S staff dunng 

work at locatms 57393,56593,56793,57593,55893,56393,57293, and 58093 111 MSS 133 
The m m u m  sample result was 0 031 f i b  per cubic cenbmeter None of the results 

exceeded the Amencan Confmce of Governmental Industrial Hygm~sts (ACGM) 8-hour Time 



EG&G ROCKY FLATS PLANT Manual 21100-WP-OUO5 1 
Techmcal Memorandum No 15 Section 2 0, Draft Fiial Rev 0 

Volume 2 Effective Date May 13, 1994 
Amended Field Samphg Plan m e  2-167 of 2-216 

Category 1 Orgarmation Envrronmental Remechation Div 

Weighted Average occupahonal exposure limit of 2 fibers per cubic cenhmeter The results 
indicate that there is some potenhal for release of ACM dunng ground disturbance acavihes in 
IHSS 133, such as addihonal field inveshgahons or remediahon 

2 6  MSS 142 10 AND IHSS 142 11 (C PONDS) 

The followmg sechons discuss the field achvihes conducted at Ponds C-1 and C-2 and the results 

obmned from these achviues 

2 6 1 Stage 1 - Review of Existing Data 

The OU5 Work Plan specified that exishng data regarding surface-water and sediment quahty 

in Ponds C-1 and C-2 be evaluated Ttus evaluahon was to determme the adequacy of the 

exisang data in meeung the needs of the OU5 RFYRI and if addiuonal sampling was required 

to meet the RFI/M ObJeChVeS 

2 6 1  1 Surfacewater and Stream Sediments 

Inihal waterquahty and bottom-sediment chemistry charactenzahon of selected surface-water 

sites m the Woman Creek dmage basm were reported by Rockwell Intemahonal(l986) as part 
of the RFP RCRA Part-B permit applicauon Ekgmmg in 1990, a sitewde morutonng program 

was implemented, which included a senes of SW and SED monitonng sites withm the Woman 

Creek draurage basm (EG&G, 1991b and 19920 Several of these sites provided data useful for 
a prehmary site charactenzahon of the OU5 area (DOE, 1992a, SeChOfl2 0 and Appendices 

D and E, EG&G, 1994a) 
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The most recent w m e w  of the atmmk surfacewater and sadunent -g plan IS that 

prowtied by EG&G (1992g) Relevant data for ths program for the Wompn Crcek dramage am 

noted 111 the followmg scctlons However, reductlorrs and lllodificatlons in this atmmdc 

momtormg program have taken place over hme (see, for example, EG&G, 1991b, 1991c, 

1992g) In essence, monrtoimg-pro~f2m reduchorts can be summanzed as follows, relatlve to 
the sitewdc program 

Between October 1991 and March 1992, the number of monitofing sites m the 
sltburlde network w85 reduced to 82 SW sites and 24 SED stcs (EG&G, 1992g) A 
quarterly samplmg and analysis frequency was grven for both citacgones of sites 

Beguuung A@ 1992, tho RFP-~ttcw#le n-k w r#luced furthet, aMi 32 SW 
sites (30 exlstlng and 2 new) and 33 SED (19 exwang and 14 new) sites w m  
assoclsLted wth 0U5 momtonng (EG&G, 1 9 9 1 ~  and lmf, Table 5) However, 
several OUS-rclatd addtticrnat (new) surfacawater and sedrmerrt mmtonng sites 
were implenrented at the b m  of executmg the FSP for the RFYRI (EG&G, 1993a, 
as amended) 

2 6 1 2  PondWaterQuahty 

In dmclqmg the techcal ratmale for FSP changes, use was made of a number of data sources 
and data types Certaur avatiabif data were summaflzed m the OUS Work Plan (DOE, 1992a, 
Appendices C, D, and E) It would appctr that the pnrmvy data source for the OU5 Work Plan 
was RFEDS However, 0th suppkrrtentary data sources were sought out and &tamed duMg 
the invemgattve part of thu compllatton, relevant aspects of tlus data-summary evalwon have 
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been considered m the final TM1 report (EG&G, 1993a, amended) and the Hydrologic Data 

Summary (EG&G, 1994a) 

Water-qdty charactenzahon of the C-senes pond is of pnmary concern to the OU5 Work 

Plan The composihon and regulatory dnvers of vanous ongomg waterquality mommnng 

programs of the C-senes pond are summanzed m EG&G (1994a, Table 1) These dnvers 
include the Agreement in Pnnapal (DOE and CDH, 1989), DOE Order 5400 1, and the Federal 
Facihty Comphce Agreement (FFCA) (EPA, 1991) H~stoncal C-senes pond data are 
discussed 111 h s  sechon As is summanzed below and based upon assoaatcd C-sen= pond 

hstoncal data (EG&G, 1994a, Appea&ces A through E), it was apparent that useM data wcrc 
avdable from other sources w i h n  conanuing EG&G-EWSWD programs Therefore, only 

selected supplemental C-senes pond data were collected as part of the OUS-FSP field 

inveshgaaons (EG&G, 1993a, amended, also, see Tables 2 4 3 4-1 through 2 4 3 4-4) These 
supplemental data focused upon conmuing HydroLab profiles in Pond C-1 , obmning C-pond 

bottom-sediment samples for a one-hme survey (see EG&G, 1994a, Secaon 2 2), and 

collaborahng with the ongoing RFP Surface-Water Toxicity Monitonng Program 

Recent RFP annual enwonmental reports (EG&G, 1991d, 1992h, 1993k, 1994c for 1989 

through 1992, respecbvely) prowde an excellent ovemew of CWA compliance morutormg, 

whch includes WDES-related aspects operatlond monitonng program components have been 

widely varymg, relatlve to sample scheduhg and vanables analyzed HistoncaI Operahonal 
andor CWA-comphance data are tabulated rn EG&G (1W4a, Appendices C and D for Pond C-1 

and Pond C-2, respechvely) Many of these resuitant C-pond data have not been included m the 

c o m p u t e d  RFEDS database and thus are avatlable pnncipally m hardcopy form from EG&G 

staff who are knowledgeable in the collecbon of such data for operahond purposes In addibon, 
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It should be noted that these data 111 general have nos uIcdcl%otfc ngomw quplrty 

assurandquahty control mwew protocols (EG&G, 199O,1991e, 19910 Awdable hutmsai 

WEDS data arc tabulated III EG&G (I%, AppendKxs A and 8 fix Pond C-1 and Pond C-2, 

=P-velYl 

In June 1989, an mtd bromorutdnng survey u m g  the whdc!-cfflucnt-tomcity (WET) test 

methodology was d u c t e d  m Pond C-2 A second survey was condrtcted in January 1990 

Indicator aquatic species used m trus test W ~ I S  €&bead minnow and the CenOdopAnta dubia 

B e g m n g  111 March 1990, monthly bmmomtonng surveys (Apnl and November 1991 su~yeys 

were not mcludui) have been conducted by SG&G peraonnd III Pond C-2 and for Pond C-2 

January 1990, monthly between Mar& 1 W  through March 1991) "ZIted no t o ~ ~ a t y  

Q~~harges  (whar whble) T~CSC btomontbonng & t ~  for m d  C-2 (Jw 1989, 

B e g m g  III my 1991, the RFP's Surface Water Taxlcrty Morutonng Program (SWTMP) was 

immted to address the regulatory reqruremcnts conccmmg p0cent.d tommy of effluent 

discharges for n o d  and emergency RFP m t m g  conditms (Wckver and S p c e ,  1993) 



EG&G ROCKY FLATS PLANT Manual 21100-WP-OU05 1 

Amended FIeld Sampling Plan Page 2-171 of 2-216 
Techmcal Memorandum No 15 Section- 2 0, Draft Final Rev 0 

Volume 2 Effective Date May 13, 1994 
Category 1 Orgamzatron* Enwonmental Remedratron DIV 

Thls program was developed to prowde biological-quahty data that meet and excced apphcable 

regulattons and to assist M the interpretahon of the extensive data generated as part of the 

surface-water chemcalquabty morutonng program The SWTMP involves both tradihonal 

WET-test surveys (prowding an LCw, or lethal concentratton 50-percent results) requrred by 

EPA, as well as the real-bme Mcrotox method (providing an ECw, or effechve concentsibon 

50-percent results) These altemattve methods and meanmgs of the LCm and ECm indicators 

are described by Wolaver and Spence (1993, pp 12-13) Routlne Microtox tests were conducted 
for both Pond C-1 and Pond C-2 Monthly spht WET tests were made as well only for Pond 

C-2 (Wola~m and Spen~e, 1993, Table 1) The Motox- (ECA and =-test (LCd results 
have been summanzed m EG&G (1B4a, Figures 7A and 78, rcspcct~vcly) Pond C- 1 indicated 

no toxlcity dunng the 13-month study penod Pond C-2 showed Mmotoxicity in 3 of 32 
samples (9 7 percent occurrence, EG&G, 1994a, Figure 10A) However, it is notable that the 

water incoming to RFP indicated toxicity of 7 percent of the samples tested using the Microtox 

system The frequency of Microtoxicity found in Pond C-2 was not stattstdly different from 

that of incommg RFP water The cause of these Microtoxicity occurrences in Pond C-2 was 

unknown (Wolaver and Spence, 1993) Chemical data were avdable, but the forms in which 

the chemcals enst and thew bioavarlabhty are unknown at h s  hme (Baudo, et al , 1990) 
However, WET-test results for Pond C-2 mdicated no toxlclty to either orgmsm dunng the 14- 

month (May 1991 through June 1992) survey penod 

Two additlonal sources of waterquality data were useful As part of an RFP plutonium study 

by investtgators from Colorado State University (CSU), several impoundments were studied at 
RFP (Johnson, et al , 1974) Water samples were taken at Pond C-1 for each of six surveys 

Up to 12 samplmg sites aenally distnbuted across h s  impoundment were mcluded in each 

survey One-hter samples were composited from samples collected from the surface, one-half 
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An assessment was madeof the Pond C-l hwtoncal waterquahe data from the sowcesmtlmed 

above Results of v~slous tune-senes pbts and statlst~cal summan- of the b m c  data weft lIIzLdc 

for purposes of a cnt~cal evaluation of thcse btcmd data 60 detcntrrne uhch water-quahty 

conshtuents may con- ate amtarrunants at Pond C-1 The basrc dataand bme sene used 

are presented m EG&G (1W3j) and are not reproduced mthw document, For purposes of thw 
analyss, the mmmtm&m of w a t e r q d t y  constltucnts are compared with BUTL 
concentrahons from RFP (EG&G, 19931) Because no BUTLS die amiable speclkally for 

pond water at RFP, BUTLs for surfaa waters at RFP were used to judge dstc contluHmurts 

exlstcd m pond C-1 

For a hst of hstoncal RFEDS data at Pond C-1, see Table 2 6 1 2-1 The concentmons of 

each of the hted const~tuents was compared to the BUTL (rf avatlable) to assess whch 

constrtuents could be judged to be ste Contarmnants Results of ths cornpanson at Pond C-1 

&- 
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for hstoncal data (data collected both as part of srtewde RFP samphg and pond operahond 

samplmg) are summanzed on Table 2 6 1 2-2 

In summary, based upon companson of hstoncal Pond C-1 waterquahty concentrahon data to 

BUTLs at RFP for both dissolved and total constrtuent concentratrons, amenclum-241, 

pluto~um-238, alummum, banurn, mn, manganese, mtnte/nrtrate, acetone, methylene chlonde, 

bu(2-ethylhexyl)phthalatc and &ethyl phthalate excccd BUTLs Further statrstrcal tests WIU be 
undertaken to assess, based upon the total database avdable, if these small number of 
concentratrons actually constttute ate contiumnants, or if uncertamtres m both the actual and 

background data only make it appear that these conccntratmf can be concluded to be  SI^ 

contarmnants Some of the uncertamtres m the histoncal data lnclude analysis methods, 
reporhng formats, errors m data reporhng, and reporhng errors in total versus dissolved 

concenmhons 

2 6 1 2 2  A-0fPQadC-2- Water-- D a  

As urlth Pond C-1, an assessment was made of the Pond C-2 histoncal waterquality data from 
the sources outllned 111 Sectron 2 6 1 2 1 Results of vanous hme-senes plots and stahstrd 

summanes of the basic data were made for purposes of a cnucal eVdUahOn of these histoncal 
data to detemune whch waterquahty constrtuents may potentdly constrtute site contamtnants 

at Pond C-2 The basic data and trme senes used are presented M EG&G (1W4a) and are not 

reproduced m thrs document 

For a hst of hstoncal RFEDS data at Pond C-2 see Table 2 6 1 2-1 Results of a cornpanson 

of results at Pond C-2 for histoncal data (data collected both as part of sitewide RFP samplmg 
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and pond operattonal sampbg) to BUTLs mdmtui &at maq watcrquahty conmtwuts had 

ConcentraUons tugher than the BUTL A summary of these CoRStlftEcnts are presented m Tabk 

2 6 1 2-3 h addrtt~~~ to the field arrd I I U S C & S I ~  measwcRlcntJ, dhuChdes,  trace merals 
and major m o n s ,  s e l d  VOCs, SVOCs, pcstwks, and hcsbxxh were detc&!d at 

concentratms lugherthan tktectm buts m water samples from Pond C-2 These c o n s t ~ ~ t s  

included 1, 1, 1-TCA, acetone, ametrya, atrapne, b 1 ~ ( 2 - e t h y l b e x y i ~ ,  carbon tetrachloride, 

methylenechkmde, prometon, prometryn, proppnne, srmumc, Srimctryn, €crbu&ylazme, PCE, 

toluene, total xylenes, and TCE (EG&G, 1993j, Table 4B) 

In summary, based uponcompmsoaofBbtoncal Pond C-2 wam-qdq~o~~centratlo~ datato 

BUTLs at RFP for both &ssohrad and total constituent umccntrahons, it is concluded that the 

constituents m Table 2 6 1 2-1 are potentd water contarmnants at Pond C-2 Further stahstleaj 

tests wll be undertaken to assess, based upon the total database avatlable, if these concentrations 

actually constttute site contarmnants, or if u n c e m t t e s  in both the actual and background data 

of the u n c e r t m t m  UI the tustoncal data urclude anaiyss metbds, rqxxtkg formats, errors tn 

data reportmg, and reportrng errors m total versus dssoived amcent~otfolls 

o n l y m a k e l t a p p u v t h a t t h e s e c o n c e n t r o $ o n s c a a b e ~ l ~ ~ b e ~ ~ ~ ~ ~  some 

Field waterqdty data collected at Pond C2 wrth the R y h L a b  portable momtor were analyzed 

by plothng p m f W  of pH, specific conductance, &ssoived oxygen, and water temperature wth 

depth for var~ous tunes of the year These profiles g m  an &-on of the behavtor of Pond 

C-2 relahve to mtemal watcrquahty characmmcs fistorad Pond C-2 protile data are 

available for m o u s  Umes during 1990 (EGBrG, 19931, Append~x Table E-1), and 1 9 9 1  and 

1992 (EG&G, I%&, App~nd~x Tabk B-1) 
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Figures 2 6 1 2-1A through D indicate Pond C-2 profiles for pH, speclfic conductance, dissolved 

oxygen, and water temperature, respechvely, for ~anous hmeS dunng June, July, August, 

September, and November for the 1990 calendar year Values of pH (Figure 2 6 1 2-1A) are 

generally quite vanable, both over hme and with depth, dunng June, July, and August m Pond 

C-2 Ttus is probably due to algal blooms which tend to add oxygen, deplete carbon dioxide, 

and mcrease pH toward more a h b e  condihuns Specific conductances (Figure 2 6 1 2-1B) 

dumg the 19%) morutonng pen& were generally constant over hme and also with depth 

Dissolved oxygen concentraaons in Pond C-2 (Figure 2 6 1 2-1C) indicate that higher 

ConcentraQons were present at the pond surface dunng June, July, and August than dunng other 

months Th~s is almost certamly due to algal blooms, because the water-temperature profites 

(Figure 2 6 1 2-1D) indicate that the measured dissolved-oxygen concentrahons are at super- 

saturahon Large differences in dissolved-oxygen concentrahons versus depth in Pond C-2 also 
indicate that algal blooms may be occumng and that large amounts of oxygendemanding detntus 

are using oxygen near the bottom of the pond September and November profiles indicate that 

Pond C-2 IS well wed, with constant dissolved-oxygen conccntrahons vvlth depth The water- 

temperature profiles do not indicate any strong thermal strahficahon in Pond C-2 The largest 

change 111 water temperatures for the 1990 data is 3°C which occurred on June 27 and agam on 

July 25 (Figure 2 6 1 2-1D) It is judged that this water-temperature vanahon is not sufficient 

to cause thermal strahficahon in Pond C-2 The specific-conductance data also indicate that no 
chermcal StraQficahOn is present The change 111 specific conductance from 870 micdiemens 
per cenbmeter (pSlcm) for the measurement on July 5, 1990 at a depth of 1 5 ft to 400 pSlcm 

at 3 5 ft appears to be an isolated case and may be the result of poor measurements 

The Pond C-2 pH, specific-conductance, dissolved-oxygen, and water-temperature profile data 

for the years 1991 and 1992 are presented on Figure 2 6 1 2-2 The tune penods shown (May 
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1991, November 1991, March 1992, and Apnl1992) are hr months not avatlable dunng the 

1990 season The 1991 and 1992 data also mi~catc tha!, dunng these months, Pond C-2 1s 

generally completely rmxed and w t h t  l q t  amounts of bmbgxai acbwty General 

conclusIoIIs from the 1990 through 1992 Pond C-2 profiles is that dattve€y constant cond~ttons 

exlst unth deph dunng the months of August or seqtember thmugh May, and that Jgal hlmm 
may account for manstant pmfiles for pH and & d v d  oxyeerr dmng the months of June, 

July, and August It is €iuther concluded that bots themaland ckmrtcll strattfhtion of Pond 
C-2 IS very weak to non-cmsmt dunng all months of the year. 

The first known field mvestigabon of pond-sediment chemical chmammm apphcable to this 
data-summary report was an RFP study conducted by CSU @on aoveral RFT ponds, mcludrng 
Pond C-1 (Johnson, et al , 1974) Plutomum-239/240 was used as the tndicator vanable m this 
study Water samples also were collected for thxs study Laboratory analyses were done for 
samples collected for 18 surveys for water and 21 surveys for botbolll sedunents conducted 

between May 1971 and Augwt 1973 iktvkd se&ment-ocm sautphg was conducted m A@ 

1974 for pond C-1 Specrfic selected results of this study are descnkd m EG&G (1994a, 

Sect~on 3 1 2) However, it should be noted that these data rn gend have not undergone 
ngorous quahty assumdquahty control mew pramls (EG&G, 1990,1!?9k, 1991f) 

On May 4-5, 1992, ponds C-1 and C-2 were safltplcd by EG&G-amtxacmr field personnel for 
the purpose of further c-g bottom-sediment chemtstry fbr radmnucbde indrcators 

(gross alpha, gross beta), radtonucl.1d~@lua0nium259/24O, uramm-234/235, umum-238, and 

amenaum-241), percent sohds (by dry waght), trice met&, and oagomc compounds Bottom 
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sediments were sampled near the outlet works of each pond, the top 6-mches of sediment wcrc 
sampled usmg an Eckmandredge sampler Data are given m EG&G (1994a, Appendu Tables 

E-2, E-3, and E-4) 

For purposes of hstoncaldata companson, several other offsite impoundment bottom-sediment 

chemstry surveys, some mvolwng water bodies affected by the Woman Creek dramage area, 

are cited m AS1 (1991, p 32) However, results of these studies have not been mcluded m the 

Hydrologic Data Summary (EG&G, 1994a) but rather were cited in that document by reference 

2 6 1 3 1  2 

The assessment presented m &IS sechon involves the one-hme bottom-sediment sample survey 

of Pond C-1, usmg an Echan dredge, near the outlet works on May 4-5, 1992 The 

concentrahons of trace metals and major cauons, radionuclides, VOCs, and SVOCs were 
compared to the BUTL (if avdable) to assess whch conshtuents m the bottom sediments could 

beJUdged to be Site COntarmnantS 

Results of thts companson at Pond C-1 for the onetune sediment sample indicated that for 

stream sediments at RFP (EG&G, 1994a) 

a l u m u r n  (29,600 mg/kg) was higher than the BUTL (21,387 mg/kg), 

banum (271 mg/kg) was hgher than the BUTL (254 mg/kg), 

calcium (18,500 mg/kg) was hlgher than the BUTL (18,466 mg/kg), 

mckel(30 5 mg/kg) was hgher than the BUTL (24 2 mg/kg), 

potassium (4,220 mg/kg) was higher than the BUTL (3,160 mg/kg), 
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selemum (2 6 mg/kg) was htgher than the BUTL (2 18 mgtkg), and 

xxhum (650 mg/kg) was higher than the BUTL (593 mg/Lg) 

These relahvely small excecdanceJ of battom-sediment BUTLs may not be false psihve values, 

If addltlonal stattstrcal amiyscs are a.m&iuaed on the data 

Rad~onuchde ummtmt~ons m Poria C-1 bottom sed~mcnts aU were lowea than the BUTLs for 
stream sxhmcnts at RFP (EG&G, 1994a) Conpansm of the plubonrum-2391240 concenmtm 
(2 2 pCdg) for the May 4-5, 1992 =pk to the sabment BWiZ (3 62 pCdg), and dm the 

duncat data colladsd tn Pond C-1 and analyzed ibr plutoruum m 1971 through 1973 (WjgG, 

1994a, Appendu E) m&cates that one sample at Pond C-1 is probably not enough to 
samfactonly charaMenze the system The 1971-1973 sedtment-conccanbon data for plutoluum 

ranged from 0 18 pCdg to over 100 pCdg Average Pond C-1 bottom-saiiment plutonrum 

conce~trat~ons for the 1971-1973 sampling period ranged from a p p r o x r d y  1 0 pCdg to over 

10 pCdg Of the 21 average bottom-scdmcnt plutomurn values for the 1971-1973 p o d ,  only 

one was hlgher than the cumtly applicable stteatn-sahment BUTL (MiBrG, 1994a) 

The only SVOC m the Pond C-1 sediment sample wkch had a comaham hghcr than the 

instrument de&cct~on hrmt was bis(2-ethylhcxyl)phthak Anadd~tmalZO unknown compounds 
or TICS were also detected m concentrabons less than detectran hmts 

Based upon the onotlme hstoncal sedimm sample obtiuned from Pond C-1 on May 4, 19% 

i t  is  concluded that ate contarnurants for thrs pond should be deterrmned by cxamnmg the more 
recent (November 1993) sediment data prwarted Wow F d  dctcmm@on of the site 
contarmnants m the Pond C-I bottom sedrments should be a combulatlon of both hlsbncal and 

* 
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recent data However, plutoruum may be a site contaminant m Pond C-1 bottom sediments, 

based upon the hlstoncal data 

2 6 1 3 2 As-ent of Pond C-2 V m - S - t  0- Data 

Results of companson of trace-metal and major-ion concentrabons at Pond C-2 for the one-bme 
(May 4-5, 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

1992) sediment Sample indicated that for stream sediments at RFP (EG&G, 1994a) 

alummum (33,500 mg/kg) was hgher than the BUTL (21,387 mg/kg), 

arseruc (13 9 mg/kg) was hgher than the BUTL (10 1 mg/kg), 

banum (261 mg/kg) was higher than the BUTL (254 mg/kg), 

calcium (51,100 mg/kg) was higher than the BUTL (18,466 mg/kg), 

chromum (34 5 mg/kg) was higher than the BUTL (31 8 mg/kg), 

Eon (27,900 mg/kg) was higher than the BUTL (26,600 mg/kg), 

magnesium (6,460 mg/kg) was hgher than the BUTL (5,360 mg/kg), 

nickel (25 9 mg/kg) was higher than the BUTL (24 2 mg/kg), 

potassium (4,930 mg/kg) was higher than the BUTL (3,160 mg/kg), 

sodium (616 mg/kg) was hlgher than the BUTL (593 mg/kg), 

v d u m  (74 9 mg/kg) was higher than the BUTL (63 4 mg/kg), and 

zmc (236 mg/kg) was higher than the BUTL (139 mg/kg) 

Some of these excursions from BUTL may be within reasonable linuts, if addihonal stahshd 

analyses are conducted on the data 
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Based upon the one-t~me h~stoncal suhmMlt sample &tamed frocn Pond C-1 on May 4,1992, 

it is concluded that ate contamtnants for this p d  should be detemmd by esarnmng the more 

recent (Novunbcr 1993) sahmcnt data psaktai below F d  deslenwnaaon of the site 

c o n m a  m the Pond C-1 bottom suhments-should be a combmatm of botb hstmcal and 

recent data 

2 6 2  strrgt 3 

Stage 3 actw~tm related to the m v m ~ m  of Ponds C-1 and C-2 cons~~ted of additzonal 

surfacewater and sediment samphng and the mstaUa&on and momtmng of well porn& along 

Woman Creek and its tnbutanes 

2 6 2 1  SurfaceWaterandSadrmentSamphg 

The OUS Work Plan stipulated the collectim of surface-water and sedunmt samples as part of 
the Phase I mvcsbgatlon of Ponds C-1 and C-2 Although a TM was not exphcdy called for 
in the Work Plan, it drd imply that th~s sample collection progrpm may nequlre mdficahon 

based upon the rewew of exlstlng data (Sect~on 2 6 1) TMl @G&G 1993a) was prepared to 
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provide a rewsed FSP for the Stage 3 inveshgatlon of these HSSs This TM also addressed 

surface-water and & m a t  monitonng amWheS for all OU5 MSSs (Sechon 2 4 3 4) 

2 6 2 1 1  

OUS-FSP-related field investlgahons were! conducted between October 1992 and May 1993 

(EG&G, 1993a, as amended, 1994a) 

2 6 2 1 2  -- 
Water 0- In COllaboraaOn wth the OUS-FSP low-flow mveshgahons, Mrcrotox 

and acute-tomcity tests were conducted on two deep-interval C-senes ponds' bottom-sediment 

samples collected dunng November 9-10, 1992 (EG&G, 1994a, Tables 2C and 2D) Deta~ls 

of the toxicity-related samphg surveys and assocliited analyses are documented by The Seacrest 

Group (1992, 1993a, 1993b) OUS-FSP-related results are summanzed m EG&G (1994a, Table 

9) 

The OU5 FSP (EG&G, 1993a, amended) included data collemon for the C-senes ponds, 

consishng of a mgle pond-sediment survey at each of three ~ocahons for Ponds C-1 and C-2 and 

two HydroLab quarterly surveys at the deepest pornt of Pond C-1 only (sufficient ancdlary 

histoncal data were judged generally to be avdable for Pond C-2, see EG&G (1993a, as 

amended, 1994a)) The C-senes ponds' sediment surveys were conducted dunng November 9- 

10, 1992 (see below), mcm and acute-toncity sediment samples were collected at deepest 

depths of each pond (see Table 2 4 3 4-3) Analyhcal methodologies for these toxicity protocols 

are descnbed m Wolaver and Spence (1993) (see EG&G, 1994a, Sechon 2 1 2) Regarding the 



EG&G ROCKY FLBTS PLANT Maw. 21 1oo-wP~uos. 1 
TechnkaI Mcmomadum No. 15 Section. 2.0, &aft Final Rev 0 
Amended Field SIMpllnS Plan page- 2-182 of 2-216 
Volume 2 Effective Daw May 13, 1994 
Category 1 0 r g a ~ ~ : E p r i r O a m c n t r r l R ~  nMv. 

Pond C-1 Hydrolab swycy8, th~s locat~on was destJplated as sue SW-Cl (see Figure 2 4 3 4-1) 

and is amcurreat wth pond-sedment samphg pomt SEDSI0 (sa Table 2 4 3 4-2) The 
Hydro- data were ob- at vmous depths rn order to denlap a pond water-column 

profiles The first HydroLab survey was conducted dunng NBvcmbea: 9, 1992, by EGikG's 

surface-water momtonng-program subcontractor and the sccoad Hydmhb survey was conductad 

on Apnl 5, 1993 by submntramr penonnel Each spu71cy consisted of ob-g field 

measurements for pH, specrfic amduct%nce, w a m  tempmime, drssolved oxygen (DO) 

concentntlon, DO percent sanuatu#1 (computed), and redox @fea&d @G&G, 1994a, Appa~i~x 

Table 3-5) 

pond-- The poad ~ m - ~ m t ~  wey conmts of a onetime 
sample coliechon at three hcahcms m both Pond C-1 and Pond C-2 These lucahong were 

located at 5-ft from the det, the mrd-porn, and the deepest p t  M each pond The !ocatlonS 

w i h  Pond C-1 were designated as sites SED508, SEDSOP, and SEMlO,nspemvely, and the 

locat~ons wthm Pond C-2 have been designated as SED51 1, SED512, and SEDX3, respemvely 
(see Tables 2 4 3 4-1 through 2 4 3 4-4) General C-pond locations dak~ve to the Woman 
Creek draurage are md~ca€ed on Figure 2 4 3 4-1 

The OUS FSP (EG&G, 1993a, amended) specrfied the top 6-urdres of pond-battorn sedrment to 
be analyzed for five general categories of chemcai constltueftts (-Table 2 4 3 4-3), that is, 
TAL metals, rad~onucl~des, VOCs, vanotls mi-w sdmeacquahty var~ables, and 

mcro/acute tomty In Pond C-1, &men€ cores wefc taken to a depth of 12 mches, w~th the 

top 6 meha analyzed for TAL metals, xad~onddcs, VOCs, and mt- sexhrnent-qualrty 

vanablt The bottom 6 lncbcs Of utch CO~C w a ~  analyzad for ~ W R U C ~ I &  Only In pond C-2, 
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no sediment core exceeded 6-inches in length, therefore, no core-sample segments were analyzed 

individually (EG&G, 1993a, amended) 

The single C-pond bottom-sediments samphng survey was conducted duMg November 9-10, 

1992 Core samples were collected at all six sampling locabons for the VOC analyses (see 
Table 2 4 3 4-4) For the TAL metals, radionuclides, SVOCs, mtratehmtes, and mcro/acute 

toxicity analyses, the sediment samples were collected usmg an Eckman dredge The sample 

numbers assoclilted with the three Pond C-1 pond bottom-sediment samples were SD50014WC, 

SD50016WC, and SD50017WC, for Pond C-2, the sample numbers were SD50023WC through 
SD50025WC (see Table 2 4 3 4-4) Samples SD5013WC and SD50015WC consisted of 

quahty-control samples associated with sample locabon SED508 

2 6 2 1 3 Results 

The avadable analyt~cal results were obmned from EG&G's WEDS with a retneval dated 

August 5, 1993 (EG&G, 1994a, Appendm J) Radionuclide laboratory results were received for 

only samphg locabons SED510 and SED513 (EG&G, 1994a, Appendix Table J-1) Based on 
analyses specified in the FSP, all laboratory data for the pond-bottom-sediments survey have 
been received for TAL metals, nitraWnitntes, and VOCs (EG&G, 1994a, Appendlx Tables J-2, 

J-3, J 4 A ,  a d  J4B) 

a c e -  Water Qualltv Field waterquahty data collected with the HydroLab portable monitor 

were analyzed for Ponds C- 1 and C-2 by plottmg profiles of pH, specific conductance, dissolved 

oxygen, and water temperature wth depth for vanous hmes of the year These profiles give an 

indicahon of the behamor of the C-ponds relame to internal waterquahty charactensbcs Pond 



EG&G ROCKY FLATS PLANT Manud. 21 lOO.WP4UOS. 1 
Tecbnrcpl Memorandtun No. 15 sectioa. 2.0, Draft Fml Rev 0 
Amended &ICI San~piing ilan - 2-184 Of 2216 
Volume 2 Efktive be. May 13, 19w 
Category 1 Ot.eMintioat-Remed.&dOnmv 

C-1 profile data ~YIUiablc fOr rJovember 9, 1992, A@ 5,1993, amd October 12, 1993 

Pond C-2 profde data arc avatlablc for August 5,1993, August 31,1993, and October 12,1993 

Figures 2 6 2 1-1 and 2 6 2 1-2 show Pond C-1 and pond C-2 profiles for pH, sjedc 
conductance, &ssolvcd oxygen, and water temperame, rqa%vcQ, far the vanous rimes dunng 

the 1992-1993 SPmpimB pemd 

For Pond C-1, values of pH, spec.& conductance, dissolved axygm, and water temperame 
(Figure 2 6 2 1-1) are mvanant over wth depth d m g  all three 52mplllls hmes Thts mdrcates 

that Pond c-1 is weli mued and does not 

ex@ for ttUS shallow, a-channcl pond Pro& sesults for Fond C-2 (Figure 2 6 2 1-2) arc 

si& to those for Pond C-1, even though Pond C-2 is an off-channei pond 

atha-yor-y, as would be 

General conclusions from the 1992-1993 C-m profks are that reUvely constant con&bons 

emst wth depth dunng the months of Apnl, August, October, and November It is further 
concluded that both thermai and chemrcal stratrficatron of the C-ponds IS very weak to non- 

enstent dunng all months of the year 

Pond-Bo- The one-hme FSP Ponds C-1 and C-2 bottom-scdmcnt quallty data 

were assessed to dererrmne wluch scdmcntquahty amstrhrents may constitute stte contamtnants 

Because no BUTLs are avatlabk specifically for pond-bottom sedurrents at RFP, BUTLs for 
stream sed~mcnts were used to 3udge whether site contarmmts wust m the Pond C-1 ami C-2 

d m e n t s  Table 2 6 2 1-1 summanzcs the FSP TAL-metals, rad~muchdcs, orgame 
compounds, and mscellaneous Sedrmentqdty variables *h had conantrabons htgher than 

BUTLS 
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Analysis of Table 2 6 2 1-1 indicates that selected trace-metal concentrahons were higher than 
the BUTL for sirmlar stream sediments at FWP Mercury concentrahons were higher than the 
BUTL for all three samplmg locahons in both Ponds C-1 and C-2 However, these mercury 
concentrahons were accepted as slte contarmnants, based upon the fact that both the spdced 
sample recovery and a duphcate analysis were outside the control limits for the test Therefore, 
these eshmated values of mercury concentrahon could be laboratory emrs The banum 
concentration 111 one sample in Pond C-1 was shghtly hlgher (262 mg/kg) than the BUTL (254 

mg/kg) In Pond C-2, calcium and unc concentrahons in each of two samples exceeded the 
comspondmg BUTLs No samples m either pond had concentmuons of radionuchdes htgher 

than BUTLs Pond C-1 had one sample wth a TOC conccntrabon (29,000 mg/kg) higher than 

the maxlmum background COnCentTatlOn of 24,000 mg/kg Because only one TOC sample was 

avadable for the background sample populatton (EG&G, 1993i), the significance of this result 
is queshonable All bottom-sediment samples 111 Ponds C-1 and C-2 had toluene concentrahons 

which were above the analyt~cal detechon l in t  In addihon, both ponds had bottom-sediment 
concentrahons of five other VOCs which were detected by the mass spectrometer but were well 

below detechon limits These VOCs have not been included in Table 2 6 2 1-1, because they 
were below the detechon limit and the concentratton values were esttmates which are judged to 
be inaccurate 

Based upon the FSP pond-sediment COnCeIItratIOnS, it is concluded that contammants m the pond 

xxhments may consist of mercury, banum, calaum, and mc Further stahstlcal tests will be 
undertaken to assess, based upon the avalable hmted database, if these small number of BUTL 

exceedance mncentrahons actually COnShtute potenhd Pond C-1 and C-2 contaminants, or if 

uncertamtles 111 both the actual and background data only make it appear that these 
concentrahons can be concluded to be site contanunants 



2 6 2 2  WdlPmtlnstallatlo n ami Monxtmng 

2 6 2 2 1  

Stream-reach @la d~ng W O ~  CI#Lc, MOW EM&, W d& trrbutanes, have 

been done by CSU (Fedom and Warms, 1993, EGbrG, 1992i), and mtenm study results are 

discussed ~1 Thdl and assocIBted documents (EG&G, 19921, 1993a, 19931) Data and results 

of gadloss streamflow measurcmcnts m Woman Creek were irported by Fedon and Warner 
(1993) for the perrod August 1 9 9 1  through Sepw&cr 1992 Smce that tune, EG&G has 
conmued the stnamflow gadloss measuremeats 

In March 1993,36 well p t s  were firstallad as outlmd rn TM1 (EG&G, 1993a, amended), 

along Woman Creek The locations of these well pants am shown on Figure 2 6 2 2-1 The 
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well points were located to comcide wth Woman Creek channel gadloss sites used to measure 

streamflows in Woman Creek by CSU and EG&G The locahons where weli points differ from 

gadloss measurement sites are noted on Figure 2 6 2 2-1 In addibon to well points along 

Woman Creek at streamflow gadloss measurement locations, hes of well points perpendicular 

to Woman Creek were mstalled at three locahons, based upon TM1 (EG&G, 1993a, amended) 

and field condibons The locatlons of these lines of well pomts also are shown on Figure 

2 6 2 2-1 TM1 ongmally called for three hes of well pomts located (1) from Woman Creek 

north toward the Ash Plts (IHSS 133 area, weilpoints 51593 through 52193), (2) from Woman 

Creek north to the SID near Antelope Spnng Creek confluence (well pomts 52793 through 

53293), and (3) from Woman Creek north to the SID generally between Pond C-1 and the 

Woman Creek Diversion (well pomts 53993 through 54493) Dumg installabon of the well 

pomts, field mndmons mdicated that the h e  of well points from Woman Creek north to the Ash 

Pits (well points 51593 through 52193) was an acceptable lOCahOn However, the other two 

lines were moved to reflect areas of data needs h e  2 was moved upstream and located from 

Woman Creek north to the Onginal Landfill ("SS 115) (well pomts 52793 through 53293), and 

Line 3 was moved upstream from Pond C-1 from Woman Creek to the SID in a seep area of 

water apparently flowing beneath the SID (well points 53993 through 54493) 

Although TM1 (EG&G, 1993a, amended) envisioned the well polnts would be constructed of 
between 3/4-mch and 1-1/2-mch galvawed pipe dnven mto the Woman Creek, the final well 

points were constructed usmg Easi-Wells by GEO Corporahon A DCN to SOP GT 06 was 

prepared for installauon of the well points The well points are constructed of 3/8-inch diameter 

polyethylene tubmg, the bottom 2 to 3 ft of which is perforated The well points are sand 

packed to wthm approximately 6 inches of the ground surface and bentomte sealed A concrete 

pad surrounds the well pomt at the ground surface Water-level measurements are made in the 
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well pomts umg a Mercntml ma~lmeter Mcawmnats of water ievds m the well p~#nts 

were made monthly between Match 1993 and F c b m  1994 

2 6 2 2 2  

Installation of the weli porn at the locatms shown on Figwe 2 6 2 2-1 were &ne tn 

accordance unth SOP GT 06, DCN 93 02 D ~ ~ ~ I I s  of the mstalhtton procedure can be found 

in thu SOP Thehonzontallocatton of each wellpornt and theeimmon of the top of ea& well 

pornt protectwe eamg were surveyed Watcr-lcvel mumrematts m dpo wckl pomts were madc 

monthly at the same time 85 EG&G gaullloss srt-water flow masmments rn Woman 
Creek Water-level measurement procedures for the well pants can be fourid m SOP GW 01, 

DCN 93 01 In add~t~on, the ekvabon ddfercna between the top each wdl pwnt caslng and 

the water-level m Woman Crack was measured each month at each w& pomt u m g  a hand level 
and a graduated m e y  rod In thrs way the elevation difference between the water surface in 



EG&G ROCKY FLATS PLANT Manual: 21100.WP-OUO5 1 
Techmad Memorandum No 15 Section 2 0, Draft F d  Rev 0 

Volume 2 Effective Date May 13, 1994 
Category 1 

Amended Field Smplmg Plan Ppge. 2-189 Of 2-216 

Organmuon Enmonmental Remedmtion Div 

Woman Creek and alluvial groundwater surface could be calculated If the alluvial groundwater 

elevahon was less than the water-surface elevahon in Woman Creek at the well pomt, then 

Woman Creek was assumed to be losmg water to the alluvium at that well point (Figure 2 6 2 2- 

2) Conversely, if the alluvial groundwater surface elevatton was hgher than the Woman Creek 
stream surface elevaQon at the well pomt, then Woman Creek was assumed to gaming water 

from the alluvium at the well pomt (Figure 2 6 2 2-2) In tlus way, the cause-andeffect 

relabonshtp between Woman Creek and the underlying alluvlal groundwater could be detemui  

when the well pomt data were used m conjunction wth the gadloss measurements in Woman 

Creek The concurrent measurements of the well pomts and the gadloss flows were conducted 
monthly over the pend March 1993 through February 1994-a 12-month penod It is behcvd 

that h s  1Zmonth p o d  is sufficient to see general seasonal vanaaons and, when coupled wth 

previous gadloss results (Fedors and Warner, 1993), penrutted the analysis of preliminary 

groundwater/surf'-water interamons for the Woman Creek basm Results of the 12-month 

momtorlng effort for the well points are shown in EG&G (1994a, Appendix Tables H-2A 

through H-2L) and for the gadloss measurements in EG&G (1994a, Appendlx Tables H-3A 

through H-3K) No data are avadable yet for the months of January and February 1994 

2 6 2 2 3  Results 

Groundwater/surface-water mteractlon data analyzed for OU5 mclude both well pomt and stream 

water-surface elevabon data and gam/loss flow measurements for the pend March 1993 through 

February 1994 The results of thls data analysis descnbes reaches of Woman Creek which are 

gamng (water flowng from the shallow groundwater system mto Woman Creek) or losing 

(water flowmg from Woman Creek mto the shallow groundwater system) Woman Creek and 

Its tnbutanes have been broken into 20 reaches upstream from Pond C-2 (Figure 2 6 2 2-1) 

3'" 



Results of the well-pnt and stream water-surkc clevawm mmtmng m these reaha are 

summatlzed m EG&G (1994a, Appcndrx Table H-2) Gara-10~~ momtonng for the same pcr~ods 

shown EG&G (199&, A p p ~ ~ j i ~  Tale  H-3) FCW the Well-pOmthtream ~ater-swfa# 

elevatm mmtomg, a rcaclh was assumed to be garmng if the average of the up- and 

downstream groundwater mtnus surfaco-watet cievalzons wetre poslave (that is, flow was 

occumng from the shallow groundwater system into W a r n  €!re&), and assumed to be losang 

if the average of the upstream and dowrrstnam ch&lnna m groundwater and surfke- 
elevabons was negabve These rnterpretattOns of &amurg and fcspusg feack? were compared to 

galn/loss -ts o f  flow ln womsur cnek at the QEds of the same reaches Ums the 
flow measummts, a reach wasassumal to be &anung tfthe flow rate at the d0-d 

of the reach was larger than the flow rate at the upstream end of the reach, and lomg If the 
downstream flow rate was less than the upstream !low rate 

A cornpanson of the two methods of analytlng garnmg and losing reaches rn Woman Creek arc 

given rn Table 2 6 2 2-1 (nvrscd from E & G ,  19935, Tabk 12) In all but 13 of the 64 data 

cornpansons betwecn well pornt/surhce-watcr elevations and gadloss flow measurements dumg 

the concwrent measurement penod, the reaches am chmcfcmd tdenbcally as gaururg of 

losmg For the 13 ca8es where one method de!- the reach as Mferent from the other 
method, no expWan auld be g~vm for ttus Whace, except unknown changes untb  the 

reach that may account far the- "ius mdmtcs that thecauseofthe gamng and h g  

reaches m Woman Creek is closely hkcd wth the shallow groundwater system 

Based upon data mlle!ctui dumg thc December 1991 through October 1992 p o d  (Fedors and 

Warner, 1993) and dunng the March 1993 tfvough February 1994 p o d ,  the dvidual reaches 

of Woman Creek c8n be charactenzad as generally gamng or 1-g water dunng certiiln penod 
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of the year Two reaches of Woman Creek and its mbumes can be idenhfid as generally 

g m g  water from the shallow groundwater system on nearly a year-round basis These reaches 

include 52793-53393 and 54693-54793 (Figure 2 6 2 2-1) Of note is the fact that the gammg 

reach 52793-53393 is adjacent to IHSS 115, the Ongmal Landfill, and reach 54693-54793 is 

downgradient from the old finng range These g m g  reaches may be significant receptors of 

contarmnants from known sources wthm the OnginaI LandNl and OU2, respechvely Another 

intereshng reach is reach 53393-53493, immediately downstream from reach 52793-53393, 

whch  is losmg m all  months except January and February The reach 52393-52293 also appears 

to be gamng for nearly all months where data are avadable, however, no dry streamchannel 
condibons arc often present dunng the summer months (June through September) within tius 
reach Reach 52493-52393 is oftem dry and not much data are avadablc for this reach Many 

reaches appear to be ganmg dunng the wnter and spnng (October through May) penod but 

losing dunng the summer and fall months (July through September) Those reaches include 

5 1293-5 1393,5 1393-5 1493, 51493-5 1593,51593+52293-52593, 52593-52793, 53493-53593, 

53793-53693, 53993-54593, and 54693-54793 Other reaches gam for several months or less 
and then lose the rest of the year (reaches 53593+53693-53893, 53893-53993, and 53993- 

54593) Reach 54593-54693, downstream from Pond C-1 appears to be a gsunlng reach into late 

summer (Apnl through July), possibly b u s e  of water stored in Pond C-1, but losing the rest 
of the year The data presented herein generally support the conclusions of Fedors and Warner 

(1993), as augmented by g d l o s s  dam on Woman Creek (Berzms, EG&G-EM/SWD, pen 

comm , 1993) 
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2 6 3  Stage4 

Stage 4 act~v~t~es at IHSSs 142 10 and 142 11 consst& of the tn- and sampftgg of 
groundwater mmtonng wells 

2 6 3 1 1  

Accordrng to the OU5 Work Plan W E ,  1992a), fosv mmtmmg wclls wcic to be inJtaHed 

below IHSSs 142 10 and 142 11 as part of the OUS Phasc I RFyRl The OUS Work Plan 

(DOE, 1992a) did not mclude any prehmmuy survey act~wt~cs to be pcrfonncd at this IHSS to 
guide the mmtonng well lnJtallatlon program Two wells were to be mstaUed immedmtely 
downgradmt of each dam at Ponds C-1 and C-2 to moslltor the satmated alluvium (Etgure 

(DOE, 1992) One well, 51 193, was sekted for field &maemanon of aquifm parameters 

2 6 3 1-1) All of these W& w e f ~  mstalled m accordana ~ r t b  the OUS Work Pian 

2 6 3 1 2  WProoed;laor;s 

Hollow-stem augers were used for advanmg the bofdrofeJ m WW the four wells (50092, 

50192,50292, and 51192) were installed rn accordance wth SOP GT 02 The bonngs were 
drilled appm~matcly 5 A into weathered bedrock, m accoIclatKx wtth the OU5 Work Plan 
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(DOE, 1992a) Dunng the d n h g  of the boreholes, sod samples were collected for 
environmental analysis The samplmg technique employed involved dnwng a split-spoon 

sampler wtth a 140-pound slide hammer to collect the sod samples Once the sampler was 

removed from the borehole and opened, its contents were scanned wth an alpha and a 

bedgamma probe to detect rad~oact~tvlty, and an OVM to detect VOCs The recovered core 
was then measured, ex-4 wsually, and the hthology was classified and logged 

Although it was not specified m the OU5 Work Plan (DOE, 1992a), discrete soil samples were 

collected at 5-foot mtervals, down to the first bedrock lnterval "hac samples were collected 
m 3-mch stIunless-steel hers for analysis of TCL VOCs The collection of these soil samples 
was in accordance wth EG&G personnel dmcion Contlnuous core was collected from each 

borehole in 2-fmt intends Once the samples were obtilmed, the core was placed in core- 
storage boxes It was later more ngorously examined and classified ubhnng sieves and other 

equipment at a designated loggmg fachty, as requmd in SOP GT 01 

Following the compleQon of a bonng, 2-inch inside diameter PVC wells were installed in 

accordance wth SOP GT 06 These wells were constructed inside the &%-inch inside diameter 

hollow-stem augers The bottom of the screened interval was located at or near the 
bedrockklluvlum contact Five-fmt well screens were installed m wells 50093 through 50393 

and a 2 5-ft well screen was lnstalled m well 51193 (Figures 2 6 3 1-2 and 2 6 3 1-3) Shca 

sand was mstalled w b  the annulus between the boreholes and the well casmgs from just below 

the bottom of the screened mtervds to from 1 15 to 2 ft above the top of the screened intervals 

Bentonite seals were mstalled above the filter packs at thicknesses rangmg from 1 7 to 2 1 ft 

Each well was then completed by W g  the remauung annulus w ~ t h  concrete, mstalling a steel, 
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loclang, protectwe casmg, and constrwtmg a 3- by 3-foot ooilcrete ped around the protective 

=*g 

All of the wells 111stalled betow MSSs 142 10 and 142 11 are b g  spmpfcd on a quarserly 
baas The first round of q d y  samplurg at wells 50092,50192, and 50292 was umducted 

dumg November 1!B2 If enough 

groundwater is present at the tune of samphg, groundwater samples arc analyzed for unfiltered 
total chrormum, berylhum, tntlum, nitrogen, gross alpha, gross beta, mum-233/234, 
urantum-235, uramum-238, phtcmum-2391240, a ~ j ~ n ~ ~ & 4 1 ,  TAL metals, TCL VOCs, T U  
SVOCs, and fihueci taai d u m ,  pIu&xnun1-239/240, aa-137, strOntlum-S9/90, 

ammaurn-241, TAL metals, bayhum, anums, and TDS 

Well 51193 was ht m p k d  dunng January 1993 

Based on development and samphg frrstones, oniy d 5  1193 below MSS 142 appeated to be 

product~ve enough to warrant aquifet temng (Figwe 2 6 3 1 4 )  The unconsohdated matenal 

of well 51193 consrsts of gravelly clay underlam by over 3 ft of graveily sand and gravel 

Bedrockoccurs at7 1 ft rn well 51193 Depth to O k v a n e s  from 4 ftm wefi 63393 to9 5 

ft UI well 63493 (Figure 2 6 3 1-5) The tin- d s  of wells 63293 and 63493 
included some sand and gravel layers With bedrock at 4 ft, the staac water level in well 63393 

was just below the nlty claystosre bedrock and was therefore not expected to respond to 

63493) at 3 7, 8 6, and 6 4 ft, r c s p ~ ~ v d y ,  from the pumpmg wdlS1193 (Figures 2 6 3 1-3 
and 2 6 3 1-4) The mstalhon of these well pornts r s d t d  m Secaon 2 4  4 2 2 The 
obsewatmn d s  were developed usurg tht "rawhdmg" method chcnbui 111 sectron 2 4 4 3 2, 
and the pumpmg well WBS developed d m g  to SOP GW 02 

pumpmg Three 0 S-lnch well wctt m.otal)lui a~ obs#votron wells (63293, 63393 and 
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Pnor to the aqulfer pumping test, a step test was performed with a penstalhc pump at well 

51193 This was done to gather p re l imary  aquifer data in order to determine ophmum 

pumpmg rates for the pumpmg test The results indicated that a per~staltxc pump w t h  a 
maxlmum pumprng rate of 0 18 gpm was appropnate for the aquifer pumping test When thls 

test was performed, the water level in the pumpmg well was momtored electronically wth a 
transducer and by hand usmg a standard water level indicator Water levels in wells 63293 and 

63493 were measured by hand wth Slope Indicator meters The most distant well, 63393, was 

momtored with a manometer The drawdown was momtored for 133 mmutes, the pump was 

then shut down, and recovering water levels monitored 

2 6 3 1 3 Result..$ 

The recovered core was visually logged as the boreholes were advanced, according to SOP 
GT 01 It was later more closely e x m n e d  and classified utduing sieves and other equipment 

at a designated loggmg fachty, as required in SOP GT 01 The results of this effort indicated 

that the bedrock encountered rn all of the wells was claystone The thxhess of the alluvial 

rnatenal encountered in boreholes 50092, 50192, and 50392 was approximately 10 ft The 

thckness of the alluvlal matenal encountered m well 51 193 was 7 1 fi (Figures 2 6 3 1-2 and 

2 6 3 1-3) 

Groundwater was not encountered dunng dnlling III boreholes 50092, 50192, and 50292 

However, d u m g  subsequent rounds of quarterly water level measurements, well 50092 

c o n m e d  water, while wells 50192 and 50292 remam dry (Figure 2 6 3 1-2) Groundwater was 
encountered d u m g  d d h g  m well 5 1193 at 4 fi, and this well has contmued to contam water 
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Dunng the d a g  of these barehoies, field moumnng, as described m Sccbon 2 6 3 1 2, was 

conductad on the core The mmtonng results fifoar the O W ,  the alpha and beta/- 

probes, and radmhon smears were all below background levels 

Mo- Well The anaiyr~cal results from the scnl sunples coilected 
from the IHSS 142 moNtonng wdl boreholes availabb sw of January 28, 1994 include TAL 
metals, rad~onuehdcs, pcshada, PCBs, SVOCs, and VOCs Table 2 6 3 1-1 summarues the 

results for conshwnts prescnt m conccntIotlons cxcadurg BUTLS 

Metals None of the soll samples collected from the boreholes UI which monxtanng wells were 

mstalled m MSS 142 contamed TAL d amshtucnt amctn~ont wtaedtng BUTLs 

Two samples from the boreholes rn whkb growrdwater mmtonng wells were 

installed rn MSS 142 had radionuchde COflShtuent concentrat~ons exceedmg BUTh Plutomwn- 

239/240 was detacted m a drum c-on sample collected from well Sm92 at 0 to 15 

ft and in a sample from well 51193 at 0 to 15 ft at CORCCnttOtlOlW cxccedmg BUTLs The 

ConcentraQons m these samples were 0 098 and 0 16 pCdg, respeavcly These ~ncentratlons 

wefe also greater than the -mum bdcgmund eonmmons Amenmum-241 was detected 

in the sample from well 50192 at a concentration exceedmg the BUTL (0 020 pWg) and the 
maxlmum background mncentrahon 

p m a  None of the sod SBmpttS collected from the 

MSS 142 m0m-g well boreholes contiilllted pestlclde or PCB conshtuent concentmtums 
exceuhg BUTLs 
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Sem-Vo- C o m  No identified SVOCs were detected in sod samples 

collected from any of the IHSS 142 monitonng well boreholes However, TICs were detected 

in sod samples from all four of the groundwater momtonng well boreholes A drum 

charactemahon sample collected from well 50092 at 0 to 15 fi contamed three TICs rangmg m 
concentration from 620 to 29,000 pg/kg A drum charactemation sample collected from well 

50192 at 0 to 15 ft contamed five TICs rangmg in concentration from 620 to 25,000 pg/kg A 

sample collected from well 50292 at 0 to 10 Et contsuned two TICS at concentrahons of 18,000 

and 390 pglkg A sample collected from well 51192 at 0 to 10 ft conwed five TICs at 

concentrahons rangmg from 350 to 12,000 pg/kg) The concentrations reported for these TICs 
are estimates as the concentrations were Mow the sample's detectton hrmt 

0-c co- VOCs were detected in soil samples collected from all four 
momtonng well boreholes in MSS 142 One sod sample collected from monitonng well 

borehole 50092 at 10 to 10 25 Et conmned methylene chlonde and toluene at concentratlons of 
4 and 3 pglkg, respecnvely A second sample, collected from a depth of 4 9 to 5 15 ft, 

contamed toluene at a concentrmon of 21 pg/kg Two sod samples collected from morutonng 

well 50192 at depths of 4 75 to 5 and 9 6 to 9 9 ft contatned toluene at concentrahons of 3 and 

12 pg/kg, respectwely Two sod samples collected from morutonng well 50292 at depths of 

9 75 to 10 and 4 75 to 5 ft conwed toluene at concentratrons of 23 and 22 pglkg, respectrvely 

Two soil samples collected from momtonng well borehole 5 1193 at depths of 5 75 to 6 and 9 75 

to 10 ft conmexi toluene and acetone at conentrauons of 9 and 5 pg/kg, respectrvely and 

toluene, methylene chlonde, and acetone at concentratrons of 3,  2, and 4 pg/kg, respectively 

In addihon to the VOCs discussed above, a TIC was detected ~IL  a sample collected from 
momtonng well borehole 51193 at a depth of 9 75 to 10 ft The concentration was below the 
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conccntrak~ons exceeding BUTLs Two of these samples were cotlecaed from well 51193 A 

sample collected on March 20, 1993 con- 13 coH96tuents (dununum, banum, chromium, 

cobalt, copper, m, lead, mangantse, nrck;d, potassturn, vanadnrm, zmc, and s&con) exceedurg 

BUTLs A sample collected on Apnl26, 1993 tkom tius ?same weU COnMuied only three 

COnShtueats (banurn, m, and manganese) exceedmg BUTLs. A sample collected from well 

50092 contatned two catmcnts @anum and potasslum) exceedurg B m  

Two gmu&mtm samples coUccted from che MSS 142 wells had a radionuchde 

constituent cancentratton exeedmg the BUTL One sample, collacted from well 51193 on 
August 16, 1993 contamed radrum-226 at a concentratlc#l of 1 55 p C f i  One filtered sample 

taken from well 50092 on June 15,1993 cmmnedgrcrss betaat a ~ ~ ~ ~ ~ l t ~ a t r ~ n  of 230 pCdL 

These concentmons are grcatez than both thar respemve BUTLs and -mum background 

concen~hns 
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Water Oualttv P- Water quality analyses resulted 111 parameters exceeding BUTLs m 
wells 50093 and 51 193 A sample taken from well 50092 on March 21, 1993 conwed a 
chlonde concentraaon (42 7 mg/l) only slightly greater than the BUTL (42 4 mg/L) but well 

below maxlmum background concentrahons (1 18,OOO mg/L) A sample taken from well 5 1 193 
on March 20, 1993 conwed a total suspended solids concentraaon of 1,300 mg/L Agam, ttus 
concenaaaon IS greater than the BUTL (1,134 mg/L) but was well below maxlmum background 

concentratton (6,400,000 mg/L) 

Pes- and Fb- B t m l s  (Pcm None of the groundwater samples collected 
from the MSS 142 momtonng wells contamed detectrble concentrahons of peshcides or PCBs 

Semi-Volatile u c  Compou nQs One groundwater sample collected to date from IHSS 142 
groundwater monitonng wells had detecbble SVOCs A sample collected from well 51 193 on 
May 6, 1993 conwed pyrene, benzo(a)anthracene, and chrysene at concentrations of 4, 4 5, 

and 4 5 pg/L, respechvely 

In addifion, two TICS were detected in groundwater samples collected from two groundwater 

monitonng wells m IHSS 142 A groundwater sample collected on Apnl27, 1993 from well 

50092 contained 2-pentanone and 4-hydroxy-4-met at an eshmated concentration of 22 pg/L 

Another groundwater sample collected on Apnl26, 1993 from well 51193 conwed the same 
TIC at an eshmated COnCentratrOn of 34 pg/L 

Volahle 0re;anrC Compou n& None of the groundwater samples collected to date from MSS 

142 groundwater momtonng wells contatned detechble concenaahons of VOCs 
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m- Tabk 2 6 3 1-3 p m d e s  a summary of the MSS 142 aqlllfer test 

analyses "he aqufer test analyslz~ computer software AQTESOLV (Geraghty & Mdler, 1989) 
was used to perform these quzk tat  analyses The aqufer test data h m  pumplng well 51 193 
and fiom observaaon wells 63293 and 63493 were Baalytad by the Thus (1935) method (Figures 

2 6 3  1-6and263 1-7) A s ~ , n o d r a w ~ w a s o b s e r v e d m w e l i 6 3 3 9 3  Theresults 

of the analyses were amrJarunth t m u ~ w ~ t a  the range of 0021 to 0030 square ftper 

murute(F1gurts263 1-6md263 1-7) 

The followmg sections lscuss the results of the Phase I RFyRl actxvatm conducted at IHSS 

209, the Surfice DisturbaMx West of IHSS 209, and the Sudkc D x a c e  South of the Ash 

Plts 

2 7 1 Stage 1 - Aerirrl Photogmph Review 

In accordance wth the OU5 Work Plan, a m e w  of atrial p-s and oblique photographs 
covenng MSS 209 and thetwo other surface drsturtmncc areas was compictcd on September 23, 

1992 The results of the aenal photograph mew arc summafilced m the followmg SCchOnS 

The aenal photographs used for thw c~vtew were those contamed m EPA (1988) The obhque 

photographs that were m a i  arc photographs datal frcM1 1%9 to the late 19803 The 
photographs were exarmRed to assess the l m o n  and iustory of the surface disturbances 'Rie 

results of thw mew are pnsented behw 
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2 7 1  1 IHss209 

IHSS 209 conslsts of disturbed ground, as shown on Figure 1 2-4, that extends from the 

southwest to the northeast for a distance of approximately 1,200 ft and two ponds The aerial 

photographs mdcate that the vegetabon and upper sediments had been stnpped from the area 

pnor to 1955, and pnor to 1964, s e v d  pits had been opened wthm the site The revlew of 

the photographs subsequently resuited in an extension of the overaU length of the IHSS as 

compared to the dimennons shown on Figure 2-7 of the OU5 Work Plan, and some adjustments 

to the locatmns of the pits that were also shown on Figure 2-7 of the Work Plan The two p d  
sites were added to Figure 1 2-4 as a result of Stage 1 actmtres The pond, shown on Figure 

1 2-4 to the southwest of the road is first vlsible on the 1980 photograph The pond, shown on 
Figure 1 2-4, on the northeast end of the site occurs at the base of a hill and is first visible on 
the 1955 aenai photograph The northeast pond was bisected by a road pnor to 1964, and 

currently appears to be a seepage area wth abundant vegetation 

2 7 1 2 Surface Disturbma West of IHSS 209 

The Surface Disturbance West of IHSS 209 consists of eight pits that are first visible on the 

1955 verhcal acnal photograph of the RFP area (Figure 1 2-4) The Stage 1 aenal photo m e w  

resulted tn relocatmg the pits approxlmately 250 fi to the north wth respect to the locations 

shown on Figure 2-7 of the OU5 Work Plan Three addibonal pits were idenbfied as a result 

of Stage 1 achvlhes and confirmed dunng the Stage 2 field reconnarssance (SShon 2 7 2) 
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2713 SurfaceDisturbanceSouthoftheAshRts 

The S u b  DistUrbaRa south ofthe Ash PI& IS shown ~n F v  1 2-5 and COIISIS~S of ~UI 

of d~sturbed ground, and an area that cantams twoopen andm rtciofmcd pts The area 

contmmg the cbturbd ground compmcs the southwest 4 O€ the SI& and IS a p p r o ~ ~ y  

1,OOO ft 111 length, and from 50to 150 ft m wdth. The open and rexhncd pltsare locatad m 

the northeast half of the srte The kmt~ons of the pts shown on Figure 1 2-5 have been 

corrected as a result of Stage 1 ~cbvlbes, accding to sded hcatms frcun the d 
jhbgmphs,  and do not agree unth the locptsoRs ahown 011 F i i  2-6of tbe OUS Work pfrm. 

2 7 2  stage2 

Stage 2 ~ C ~ I V I ~ I C S  at IHSS 209 and the 0th swface d~sturbances conspsted of a visual inspectmn 
of each site to confirm the mformatlon obtawred III Stage 1 and to determule if any debns or 
stamng mdxatwe of waste &sposal are present. Stage 2 dso mvdved the pcrformi~ce of 

surface rad~olog~cal surveys over each ate 

2 7 2 1  Visualhspcct~on 

A visual mspectlon/slte of MSS 209 and the other suff8a thurbances was 

conducted on September 24,1992 The followmg seams  discuss the results of tfus lnspectmn 

for each ste 
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2 7 2 1 1  m 2 0 9  

As a result of Stage 2 reconna~ssance, the pond southwest of the road was found to be at least 

10 ft in depth and dry The pits shown throughout the area are small, shallow excavahons that 

are shll open or parhally backfilled There is no ewdence that these pits were ever used for the 

disposal of waste matenals The Stage 2 field reconnassance confirmed the ovefau 

reconfigurahon of the site, resdhng from Stage 1 achvlhes, and that no sigmficant debns or 
swung was found to indicate that any waste disposal had occurred It appears that the largest 
drsturbanct on the northeast end of the area, may have been used as a source of gravel pnor to 
1955 

2 7 2 1 2 &&ice Disturbance west of IHSS 209 

The Stage 2 field reconnassance confmed the locabons of all eight pits idenbfied on the 1955 

aenal photograph The largest pit is located near the center of the site and was found to be 

several ft deep The largest pit was dry at the bme of the inspecbon but obviously holds water 

dunng penods of wet weather or snow melt, and is now the host for a fauly large cottonwood 

tree indicating that the sight has been open for a long penod of hme The rematning pits are 

small and shallow, appear to be capable of holding water dunng wet weather, and are heavily 

revegetated There is no mdicahon that any of these pits had ever been used as disposal sites 

It is unclear what use the pits may have served As stated in Sechon 1 2 1 4, the OU5 Work 

Plan speculated that these pits may have been part of a pianned radietower mstallabon The 

reconfigurabon of these pits and the fact that the pits are located on a Mside rather than the top 

of the hdl indicates that this may not be the case 
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2 7 2 1 3  & & e D - o f t h e a  

The field rcammssancc of the Surfkc Disturbance sonth af the Ash Pits confirmed the 
emstence of the btures noted m the OU5 W o r k P l a ~ a M  du&fiedaa t t # d  photosraphs 
The disturbed area locared m the southwest half ofthe s~tsamssts of cobbfe and small boulder 
sue rocks of the Rocky Flats Alluvium, and appear to havebeondnturbsd by some unknown 
surface actlvlty There is, howewer, no statnure or debns assmated wth the site that WOUM 
rndicatc any waste disposal had occurred 

The S ~ C I  PrtJ shown FI~WC 1 2-5 -both  par The pat shown the S O U ~ ~ W ~  #rd Of 

the ste 1s adrarnage &tch that diverts runoff water to the south and shows no m d m x m  as 

havmg been used as a disposal site The open pit shown on the LIortficast end of the ate is 
approximately 20 ft m length, 2 to 3 ft deep, and shows no mdxat~ms as hawng been used as 

a dlsposal ste The northeast pit is located dlrectly to the ncaheast of tht current locaban of 

a rad10 relay transrmtter 

The elongated parallel pits show on Figure 1 2-5, were opened prior to 1978 and were 

apparently reclwned soon after that ttme The area was mumtoured and IS now completely re- 
vegetated Thcre are no m&cattons of debns or s w g  asocaui wth these 

No evidence was found, as a cesult of the Stage 1 and 2 act~wt~cs, to support the erustcnce of 

the horseshoe-shaped pt described m the OU5 Work Plan T-hcally, th~s area of the ate 

IS an elongated northcast trcndmg nose wth rnudemtdy steep slopes t M m g  the northcast ead 

of the structure The alluvlal mamals exposed along therre slopes can account for the 
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appearance of a pit or disturbed area on the a e d  photographs, however, Stage 2 fidd 

reconnillssance did not substantate the exlstence of a horseshoe-shaped pit 

2 7 2 2 FIDLER Surveys 

Sectlon 7 2 4 of the OU5 Work Plan spezified that IHSS 209 and the other surface disturbances 

be surveyed wth a FIDLER The results of this survey were to be used to modify, if neassary, 

the Stage 3 u n p h g  actlvitles at these sites 

2 7 2 2 1  Introduction 

The surface mhological survey specified by the OU5 Work Plan was to be performed randomly 

at each of the surface disturbance sites However, to ensure that the survey of each site was 

thorough, the surveys were performed usmg a gnd as discussed m Sectlon 2 7 2 2 2 The 

surface radiolog~cal surveys were conducted after the Stage 1 act~wtles (Sectlon 2 7 1) and the 
Stage 2 vlsual mspectlon (Sectlon 2 7 2 1) were completed 

The surface mhological surveys of IHSS 209 and the other surface disturbances were performed 

in accordance wth SOP FO 16, as amended by DCN 93 01 The surveys were performed usmg 
a FIDLER on a gnd wth a h e  spacing of 20 ft Each lme was walked slowly wtule obsemng 

the display of the FIDLER for any deflemon from background levels If a deflectlon from 
background was observed, the survey would be confined to a smaller area in an attempt to 
idenofy the source(s) of the anomalous readings In additlon, 1 - m u t e  scaler readings were 
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taken wth the FIDLEJZ attporsu placed on 240-foot tnangulargd Every open pt at the sldw 

was also. surveyed by dowly sweyxng the lntenor of the pt wth the FlDLER and by tahng 

1-mute scaler readmgs near the center of the pit The p d s a p  area located on the north- 
side of mss 209 was also SuNCycd randomly 

2 7 2 2 3  

The FIDLER surveys of IHSS 209 and the other suhae dismbamcs dLd not idenhfy any areas 

of abov*kground radlatlm The nsults of thwe Jurveys, dudlng the aalvltia lncmmd 
b ~ c a c h l - ~ u t e s c a k r r e a d u r g , ~ ~ t e d ~ F i ~ ~ 2 7 2 2 - 1  fWMSS209, -  

2 7 2 2-2 for the S- Dwturbana Wegtof MSS 209, and F~gure 2 7 2 2-3 for the Surface 
Disturbance Souttr of the Ash Ptts %e random s w e y  of the p d k e p  area on the nordreast 

side of IHSS 209 also did not mdmtc any above-backgmund levels of &won The results 

of these surveys, theref- dld mt neccssltate any lImwGwm to dle stage 3 samphg 

Xtlvttlts dsscussed l.n the f O h W g  S ~ C ~ ~ O S S  

2.73 Stage 3 
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2 7 3 1 Surface Water and Sediment Samphg 

The OU5 Work Plan specified the C O k b O n  of samples of surface water, if present, and 

sediments from the pond-like depressons at IHSS 209 This section discusses the collecaon and 

analysis of surface-water samples from these locations "Sediment" samples were collected from 

these depressions when no water was present in them dunng the surface soil sampilng program 

discussed in Section 2 7 3 2 

2 7 3 1 1  Introduction 

Morutolmg sites MSS209 and SW55193 (see Figure 2 4 3 4-1) are both located on a hilltop 

southeast of Pond C-1 within MSS 209 Each of these sites constrtutes a localized depression 

which intemttently collects ramfall and snowmelt, samples from these were collected in March 

and May 1993 

2 7 3 1 2  

Other one-Qme stream/ditch samples were collected at monitonng site IHSS209 on March 18, 

1993, and at mmtonng site SWS5193 on May 24, 1993 (see Table 2 4 3 4-4) These samples 

were processed for laboratory analyses for the four general categones of chemical constltuents 

as indicated on Table 2 4 3 4-3 
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2 7 3 1 3  

Analytml results of the mgle samples are includcd m EG&G (1993~~ Append~x Tables J-1 

through J-4) No 

concenmons exceeding BUTLs were noted for mdionucfidcs, trace metals, or pnonty 

The analybcal results have ban campred to BUTb for surhx water 

pollutants (organic C Q n S ~ ~ t s )  asmated Wlth thest rwultant analyses 

2 7 3 2  SurhaScnlSamphg 

The OU5 Work Plan specified that sucfaa sod samples be c~llectal from IHSS 209 and the 

other surface dlstwbances Ths section describes the Stage 3 surface sod samphg acttv~ties 

and *e resultant analfical data 

2 7 3 2 1  

The scope of work for the surface sod samphng program at the surface Qsturbmxs is described 

in the OUS Work Plan and M TM10 TMlO proposed that 19 surfkc soxi samples be collected 

at three sltes The sample locahons ate comadent wth pts, former excavation sltes or ponds, 
that were identtficd d m g  Stage 1 mew of acnal photagaphs. TMlO also proposed that 
surf= sod s$tntples be cullect#l at radWton survey anomah A slngle p t  FlDLER survey 

at each ste was conducted and no &am anomahes were detectd 
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Sample loaQons were idenhfied 111 the field by means of a compass, measunng tape, and wth 

reference to a surveyed basehe The loahon of each surface sod sample was staked at the 

time the sample was collected The field procedures used to collect surface soil samples were 

in accordance wth the RF Method, Secbon 5 0 of SOP GT 08 The RF Method is described 

in Secbon 2 4 3 1 2 

2 7 3 2 3  Results 

Surface sod samples were collected at 19 locations in IHSS 209, the Surface Disturbance West 

of IHSS 209, and the Surface Disturbance South of the Ash Rts (Figures 2 7 3 2-1A and -lB) 
The samples were analyzed for TAL metals, radionuchdes, pestmdes, PCBs, SVOCs, bulk 

density, parhcle sue, speafic conductmty, pH and TOC The analyhcal results avatlable as of 

January 28, 1994 for surface sod and sediment samples are discussed below 

Metals None of the samples contaured metals in concentrabons that exceeded the BUTLs The 
analytlcal results from these samples are mcluded in Appendix B 2 

Radionuclich Eight of the 19 surface soil samples exhlbited radioactlvlty exceedmg the BUTL 

Plutomum-239/240 exceeded the BUTLs in al l  eight samples, and amencium-241 exceeded the 

BUTLs in four of the samples The countmg error for two of these samples (SS50089AS - 
plutomum-239/240 and SS50086 - amenaum-241) was sigmficant 111 that the result m u s  the 
countmg error yelds an error compensated result below the BUTL Andyhcal results for 
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rad~onuclrde analyses are summanzed sn Table 2 7 3 2-1, and the sample baumns are sbwn 

111 Figure 2 7 3 2-2 

seven s e  sonl samples contamed detectable 
concar~onsofSVOCs " h r c e s a m p i c s a m t a m a l ~ t x a d a n d b W ( 2 - a t h v r h c x y l ) ~ ,  

one sample contamed bawmc actd and iqhanme, two sampks mamed only benmc add, 

and one sample amtamed only bis(2-c&ylkxyi)phhlate The arsalyttcal results for these 
samples are summanzad m Table 2 7 3 2-1, and Figwe 2 7 3 2-3 gives the locations of these 
SampleS 

volatlle c- None of the samples &bgtcd detectabfe umccntrahons of 

VOCs The analyUcal mults for VOCs are mchided m Appardur B 3 

Surfanc sod samples coilected m IWS 209 were analyzed for bulk 

denslty, particle me, specific conducttvrty, pH, and TOC These parameters were requested 

by EG&G for use 111 risk- and wdl pnwldemfkmnaaon pertment to iur transport 

modelmg and amtarmnant mobhty Anal- results for spaxfic ductmty, pH and TOC 
are presented 111 Appendix B 6, and results for the other paamems are urciuded in Appendix 

E 
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2 7 3 3 Sod Bonngs 

This SechOn describes the collecbon and analysis of subsurface sod samples from bonngs dnlled 

in IHSS 209 and the other surface disturbances 

2 7 3 3 1 Introduchoq 

The OU5 Work Plan proposed d a n g  19 boreholes to a depth of 12 ft within IHSS 209, the 

Surface Disturbance West of MSS 209, and the Surface Duturbance South of the Ash Rts 

(Figures 1 2-4 and 1 2-5) Three bonngs werc to be located 111 MSS 209, five bonngs werc to 

be located m the Surface Disturbance West of IHSS 209, and 11 bonngs were to be located m 
the Surface Disturbance South of the Ash Rts 

TM10 was prepared after preliminary investlgauons were completed at these locauons Based 
on surface disturbances identlfied in the aenal photograph rewew, TMlO proposed dnlling only 

four soil bonngs (Figures 2 7 3 3-1 and 2 7 3 3-2) These four soil bonngs were dnlled to 

charactenze subsurface matenals and to assess if subsurface contaminauon is present 

Preliminary mveshgatlon of IHSS 209 indicated that a soil bonng, 4 1 19 1 (Figure 2 7 3 3- l), that 

was dnlled dunng the Phase II Site Wide Geologic Charactenzabon Program had already been 

dnlled to a depth of 223 1 fi m thn IHSS (EG&G, 1993h) Dunng msuahon of this bonng, 

6-foot composite samples were collected for analysis of TAL metals and radionuclides, and 2- 

foot discrete samples were collected for analysis of VOCs The results of these analyses 

indicated that nothmg out of normal range was detected Based on the results sample analyses 

on samples taken dunng the dnlling of this bonng, no sod bonngs were dnlled in IHSS 209 
However, one sod bonng was dnlled m the Surface Disturbance West of IHSS 209 (Figure 

I 
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2 7 3 3-l), and the remammg three sod b o ~ g ~  werc dnlled m the Surfiea Disarrbarra South 

of the Ash Plts (Figure 2 7 3 3-2) 

2 7 3 3 2  -- 
Hollow-stem augers were used for admung the boreholes using the techmquea described m 
SOP GT 02 

removed from the borehole and opened, its conrents were scanned wrth an alpha probe and a 
The art#wnt of 

samples - collectad ln a spilt-- sampler once the dnve sampler was 

beta/gamma probe to detad radlo&Chvlty, and an OVM to detect vocs 
rccovercd core was then lrmsmd, examMed visually hr the pr#ena of waste lnatcnd, and 

the hthology was c l d e d  and logged 

TMlO spectfied that sod sampks would be collected c o n m d y  from ground surface to the 

first bedrock mterval, pmded  the alluvral matcnal appeated &stubxi If thc alluvd mated 

appeared undsturbd, only the top 6 ft of -1 would be dlectai for dyses Borehole 57693 
was the only borehole 111 which the alluvial matenal appcamd u- Therefore, three 
discrete samples were collected at borehole 57693 at 2-foot mtervals from the top 6 ft These 

samples were c o l l d  m 3-mch s t a m l m  hnen and analyzed tbr 'EL VOCs In add~t~on, 

one &foot c~mpoute sample was aollected from depths of 0 to 6 A and analyzed for TCL 
SVOCs, TAL metals, total UISUI~\IIII, plutcmum, amenclum, gross alpha, and gross beta, as 

specified in the OUS Work Plan (DOE, 1992a) 

Boreholes 57793 and 57893 werc drilled 6 ft mto weathed bedrock Borehale 57993, located 
in the S u d b  Dtsturbancc South of the Ash PI&, was dnllcd to a depth of 22 ft, never 
encountcrurg bedrock TIUS borehole was not dded deeper becawc of d~fficuh dnllrng 

335 
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COndIhOns For these boreholes, sod samples were collected contlnuously from ground surface 

to the first bedrock mkwal or total depth, whichever came first Discrete samples were 

collected m 3-mch stamless steel hers at 2-foot intervals and analyzed for TCL VOCs In 

addihon, 6-foot composite samples were collected and analyzed for the same consutuents as 

above 

In order to &tarn these composite samples of sod core, the recovery was placed m a safe 

loahon, out of dlrect sunhght, unhl three consecuhve 24-inch, or four consecuhve 18-mch 

samples totalmg the requved 6 ft were collected The sod was then rmxed mto a &foot 

composite, and placed m appropnate contamers for laboratory analysrs according to SOP FO 13 

In addibon to the discrete samples and the 6-foot composite samples, 2-foot composite samples 

were collected from the top 2 ft of each soil bonng to assist m the ecological assessment study 

Also, sod samples were collected from boreholes 57693, 57893, and 57993 for geotechnrcal 

analysis (I e , gram sue), as shpulated in the OU5 Work Plan (DOE, 1992a) The geotechmcal 

samples were collected from the top 2 ft No groundwater was encountered in these boreholes 

2 7 3 3 3  Results 

Boreholes 57693, 57793,57893, and 57993 were dnlled to depths of 6, 33 9, 30 4, and 22 ft, 

respectwely At borehole 57693, bedrock was encountered at ground surface with no alluvial 

matenal present Bedrock was encountered in boreholes 57793 and 57893 at depths of 30 2 and 

24 4 ft, respechvely Bedrock was not encountered at borehole 57993 (Figure 2 7 3 3-3) As 

menhoned above, h s  borehole could only be advanced to a depth of 22 ft due to difficult 

dnllmg conditlons The bedrock matenal encountered in boreholes 57693 and 57793 consisted 
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of claystone The bedrock matcnal encountered M boahole 57893 WOIS Csayey sandstone that 

graded to slandstone The alluvml matenaI mcountcrcd lppeared to be the Rocky Flats 
Alluwum Groundwater was not encowed dumg the mstaI&m of these boreholes 

Appendu E, Figure E21 presents the resuits of the gbotachnrcal analyses performed on the soli 
sample cokted from bonhole 57693 Sod samples wcrc also d e c t c d f r o m  boreholes 57893 

and 57993 but there was not mmgh ma&mal tn those samples to ~d a- sfze analysts As 

shown on Fqure E21, the T-#ultJ of ttrrs sample ana(ys~s md~catui that the surfictal material IS 

pooriy g radadd  finegramd Nogtpvd ~piwart(nCme0ftke .smplewas retauredontht 

#4 am), and only 2 3 patent was sand slzied (was ntpured 011 tbe#ZM geyc) Smcc 977 

percent of the sample was srtt/chy slzed (pauai the 420 stwe), xt has been classdbi as 

MUCL m g  the USCS 

Dunng the d & n g  of these boreholes, fiew momtonng, as described 111 Setion 2 7 3 3 2, was 

conducted on the core The momtonng results from the OVM, the alpha and betdgamma 

probes, and rplhahan smears were all blow background levels 

Analybcal results of the constituents dctectcd at conccnmons cxceahg BUTLs from the Joll 
samples collectad from borehoks 57693 through 57993 are summanzed on Table 2 7 3 3-1 The 
avarlable analyhcal results weze ob- from EG&G’s RFTDS The analyhcal results mlude 

TAL metals, rad~muchdes, pesbcrdes, PCBs, SVOCs, and VOCs 

Met& As presented on Table 2 7 3 3-1, the meals arulyaes resulted u1 one cons4tucnt 

(chrormum) bung detbcted at a cx)~~centcaton exceedmg BU”LS (2hmxuun1 was dcbected m one 

sample at a depth of approxunately 5 to 8 ft at borehole 57993 The d y s u  of tlus sample 
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resulted m a concentrahon of 108 25 mg/kg, which is withm the range of background 

concenhahons 

Radionu- As shown on Table 2 7 3 3-1, the radiological analyses resulted m one sample 

from borehole 57893 hamg plutonium-239/240 detected at a concentration exceedmg BUTLs 
(0 0229 pCdg) l?us sample was collected from a depth of 12 4 to 18 fi The plutomum- 

2391240 concentration detected m this sample is below the BUTL for plutomurn-239/240 No 

other radionuchde conshtuent was detected exceedmg BUTLs from all of the samples collected 

from boreholes 57693 through 57993 

1 1 WCBQ The laboratory analyses performed on the sod 

samples collected from the soil bonngs mstalled in these areas did not detect any pesacides or 

PCBs 

S e n  -Vol-c Comun& As presented on Table 2 7 3 3-1, the only compound that 

was detected m the sod samples collected from these boreholes was benzoic acid Benzoic acid 

was detected m sod samples that were collected from boreholes 57693 (depths ranging from 0 

to 6 ft), 57793 (depths ranging from 6 to 12 ft and 25 to 29 ft), 57893 (depths ranging from 0 

to 6 ft), and 57993 (depths rangmg from 0 to 6 ft) The results of these sod samples ranged m 
concentration from 81 to 260 pglkg, wth the maxlmum concentrabon bemg detected m a sod 

sample collected from borehole 57693 

m e  0- Compounh As presented on Table 2 7 3 3-1, the compound that was 

detected in the sod samples collected from these boreholes was methylene chlonde Methylene 

chlonde was detected in soil samples that were collected from boreholes 57793 (depth of 24 ft) 
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and 57893 (depths ran- from 1 5 to about 6 ft). ThexsultsoftheLd mmpk collected from 
borehole 57793 and the sample collected from bordrok 57893 were at ccmarrtraaons below the 

detcctmn hmrt The remauung two samples that detaotad rn&m chloride were at 

concentratrons of 10 and 11 pgfkg 
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2 0  PHASE I FIELD INVESTIGATION 

This Sectton discusses the rahonde for the selechon and design of the vanous field inveshgahons 

conducted dunng the Phase I RFI/RI, the implementahon of these achvihes, and their results 

Pnor to discusslng the lnvestrgahon of each OU5 MSS, the Phase I RFVRI Work Plan and 

associated techcal memoranda (TMs), and field mveshgation and data evaluahon procedures 

are bnefly described The field inveshgatlon at OU5 commenced m June 1992 and, with the 

excephon of the ongoing monitoring of groundwater and an addiQonal geophysical survey (see 

Secaon 2 5 2 2), was completed in August 1993 

2 1  SUMMARY OF PHASE I RFI/RI WORK PLAN AND 
TECHNICAL MEMORANDA 

The Phase I FtFI/RI Work Plan for OU5 presents an FSP that defines a staged approach to 

investlgatmg each IHSS The Work Plan outlines the use of an "Obsewatlond Approach" to 

achieve the objechves of the RFI/RI This techmque prowdes for contmually reassessmg site 

condiaons as data are obmned Sampling plans for subsequent stages of invesbgatlon are 

formulated to build on existlng informahon These sampling plans are submitted as T M s  to EPA 

and CDH for rewew pnor to implementahon The OU5 Work Plan idenhfted nine T M s  to be 

prepared to outhe sampling plans for invesbgatlons of IHSS 115 and the IHSS 133 group A 

total of ten T M s  were prepared dunng the implementahon of the Phase I FSP at OU5 The 

3Jo 
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followmg paragraphs summanze the FSP outhnui by the OU5 Work Plan and by each of the 

ten TMs 

The OU5 Work Plan idenhfied site-specific data needs based on ph- idenuficahon of 

contarmnants potenhally present at each IHSS and the &ta needs h r  the Phase I Baseltne Ruk 
Assessment and Enwonmental Evalwon The FSP presarted m the OU5 Work Plan was 

based on these data needs and the reqwments of the Interagemy Agreement (IAG) berween 

DOE, EPA, and CDH The FSP for each IHSS requued a comb- of screerung actlmhes, 

1s a matnx sh-g the IAG-nquued tasks and how these tasb were implemented as defined 

m the OU5 Work Plan, as amended by the TMs 

sampltng Of salts, d i m ~ n t s ,  and surfaot watcr, a d  well lndtaulltion and samplrng Table 2 1-1 

Stage 1 achmtles at each IHSS conssted pnmanly of the remew of exrsturg data, such as the 

results of prewous invesugatlons, aenai photographs, and other hlstoncal documents Stage 2 
achvihes were screenmg actrvlttes that mciuded radiological, geaphyslcal, and soil gas surveys 
Samphg of s u h  and subsurface sals  were the predormnant Stage 3 acttmhes, and Stage 4 

actlvihes were pnmanly asocmed with groundwater invemgatms If other achvihes were to 

be performed that &d not fall mto Stages 1 to 4, thcse acttvttles werc conducted under Stage 5 

The site-specdie FSPs outlured in the OU5 Work Plan are bnefly sumlrranzed below 

196 W- Remew and screening 
achvittes specified for the On@ Landfill, includmg the area of MSS 196, consisted of a 
remew of a gamma radumn survey completed m 1990, review of acnal phosographs, and 
complehon of a sod gas survey and geophysical surveys sampling 1denttfkd mciuded surface 

sod samphg, subsurface s m p h g  m bonngs, and sediment and surface water e n g  adjacent 
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to the units The OU5 Work Plan also specified that cone penetrometer testmg (CPT) and 

Bengt-Arne Tortensson (BA'P) sampling be performed, and wells be installed and sampled 

downgradient of the IHSS and in selected soil bonngs, if plumes were encountered 

Addibonally, pipes protruding from the landfill were to be invesbgated and, if present, effluent 

sampled The OU5 Work Plan specified that TMs be prepared to present site-specific FSPs for 

the sod gas survey, geophysical surveys, surface sod samphg, CFT, and momtonng well 

installabon and sampling 

IHSS 133.1-6 (8sb Plts 1 -4. Inanerator. and Concrete W m  Tasks specified by the FSP 

for the IHSS 133 sltes included a rewew of aend photographs and radiological and geophysical 

surveys to idenbfy the extent of these IHSS sites Sampling acbvibes specified included surface 

soil sampling, subsurface soil sampling in bonngs, and installabon and sampling of wells The 

preparabon of T M s  was specified for the geophysical surveys, surface soil sampling, subsurface 

soil samphng, and monitonng well installabon and samphg 

-1 Acbvibes specified by the FSP for IHSS 142 10 (C-1 Pond) and IHSS 
142 11 (C-2 Pond) included a review of exishng data collected by ongoing monitonng acbvibes 

to assess potenhd overlap between the ongoing programs and the proposed OU5-specific 

program Contmgent upon the results of the review of ongoing monitonng programs, the FSP 
also specified that surface water and sediment samples be collected from the ponds, Woman 

Creek, and the SID In addibon, monitonng wells were to be installed and sampled 

downgradient of each pond 

IHSS 209 (Surface D isturbance Southeast of B u U  881). t he Surface D isturbance West of 

1 IH f th A Pip Screening acbvibes to be 
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conducted at these sites included m w s  of htstoncal use infonnatlan pertawns to theso rites, 

visual mspechons, and rad~ologicd surveys Samphg act~wtms specified by the FSP mcludcd 

surface sod samphg from the excgvmons preaent at each sm, subsprface samplmg from 
bonngs, and mllectmn of sediment and/or surface water samples from each of the former pond 

areas at MSS 209 

The FSP defined tn the OU5 Work Plan was amended by ten TMs at vanous stages dunng the 

field mveshgahon As is discussed in dead below, the scape of each TM does not agree rn all 

cases Wlth thasdescrtbed ln the work Pion Because 9oI8e ofthe ~ Q ~ t o  bedc!Enbai ln 

the TMs specified by the Work Plan were a*, a mgle TM toaddress the same actrvlty at 

more than one IHSS was prcpared rather than preparrng mihwdual T M s  for each IHSS In 
addition, dunng the course of investlgaang each MSS, it became apparent that the scopt of 

subsequent Work Plan mwtles was not appropriate or adequate, thus necessitatmg the 

preparaoon of addioonal TMs Simhrly, the scope of s e v d  field mveagauon aChviUe!3 was 

clanfied m letters subrmttcd to EPA and CDH pntx to implementmg these actnmes These 
letters were prepared for mwties w h e ~  the Work Plan dxl not reqwe a TM, but addibunal 

defmQon or clanfiauon of the scope of the aChVity was nCOtSS;O1Y Cqnes of these letters are 

included in Appendu A The scope of each TM and letter prepsrrcd during the irnplementatmn 

of the Phase I WRI is SummacLzcd below In &&tmn, each TM is discussed in detail in 
Secnons 2 4 to 2 7 

TMl - Rewsed Network - F L ~  " M I  documented the 
results of the rewew and assessment of ongoing swface water and sediment m t o n n g  ppogfams 
discussed under IHSS 142 aho9e Based upon thrs assessment ofthe ongomg programs, h s  TM 
promded an amended FSP for the collecaon and dyas of swfkce water and sedment samples 
from the C-1 and C-2 Ponds, Woman Creek and its tnbutanes, and the SID In addition to 
addressrng samplmg act~wt~es for the ponds, h s  TM also addresstd SUrfacG warn and sediment 
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samphng achwhes for all other OU5 IHSSs Thls TM also specified the installahon of shallow 
well points along Woman Creek to augment ongoing groundwater/surface-water interacaon 
studies The sampling and monitonng programs defined by this TM are discussed in dew in 
Sechon 2 6 2 

2 - Surface Gee-s CEG&G. 1WZa TM2 descnbed the approach for 
performing magnmc and electromagnetx (EM) surveys at IHSS 115 and the IHSS 133 sites 
Due to simrlanaes in these surveys at both IHSSs, one TM was prepared to descnbe these 
surveys rather than the two T M s  idenhfied in the Work Plan This TM documented the results 
of the review of the 1990 radiological survey of IHSS 115 and rewews of exishng informatlon, 
including aenal photographs, for both IHSS 115 and the MSS 133 sites It also provided the 
demls of the procedures to be followed for performing geophysical surveys at both IHSSs The 
methodology for and results of these surveys are discussed m dew in Sectlons 2 4 2 1 and 
2 5 2 2  

fi 1 Plan - a m  CEG&G. 1993b) TM3 presented the 
samphng and analfical program for surface soils within IHSS 115 The sampling and analytlcal 
program defined in this TM consisted of collechon of samples for analysis of radionuclides from 
anomalies identlfied by the 1990 radiological survey of IHSS 115 and collechon of samples for 
analyses of chemicals and radionuclides from the disturbed area east of the landfill and from 
landfill cover matenal The surface soil sampling program is discussed in deal  in Sechon 
2 4 3  1 

TM4 - Surface Soi 1 Samu - 1  ing Plan - & Plts. I n w o r .  and Co ncrete Wash Pad (EG&G, 
1993~) TM4 specified the sampling and analytlcal program for surface sods within the IHSS 
133 sites Simdar to the program defined by TM3 for IHSS 115, the program defined by this 
TM included sample collechon for analysis of radionuclides from anomalies idenhfied by a 
radiological survey of these sites conducted as part of the OU5 RFI/RI (see Sechon 2 5 2) It 
also involved sample collectlons for analyses of chemicals and radionuchdes from areas believed 
to have been impacted by disposal operahons at the IHSS 133 sites Sechon 2 5 3 1 discusses 
the methodology and results of this sampling program 

k - m d  - Rew m 1 - n  fill IEG&G. 19934) Based on the 
results of other soil gas surveys conducted at RFP and on the review of histoncal data and other 
screening achwhes at IHSS 115, it was determined that modificahon of the soil gas sampling 
plan proposed in the OU5 Work Plan was necessary TM5 presented the results of the previous 
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invesngaizons at MSS 115 and prov~dcd a rcyIscxf samphg and andys1s plan for the d gas 
survey The results of th~s survey are discussed m &chon 2 4 3 3 

6 - C-&& - m G & G ,  199a 
The OU5 Work Plan proposed the perfofinana o€ CPI' and collechon of groundwater samples 
w~th a BAT0 (or eqwvdent) samplmg devlce The Work Plan spedid that a T M  be prepmd 
that would define the spemfic procedures and locarronr for these achwtzcs TM6 specified the 
procedures and locahons for CPT and prowded a mcthdobgy for selecbng locabons for 
collecaon of groundwater samples oontmgcnt u p  the rtsults of &e CPT and d e r  prevms and 
ongomg mveshgahms at mss 115 Due to sevcd &"itage$ o f  €his techquc, &IS Titd also 
speafied the collechon of groundwater sampIes h m  well p t s  rather than urlth the BAT0 
samphg dev~ce The implementahon arid resuits of these actm~E~cs arc descnbcd m de%& in 
secttons2441and2442 

{ w 
m n  sorl bonngs to bednlled HI thearcas of the MSS 133 ateswes~proposed by the OU5 
Work Plan The Work Plan also spemfied that a TM be prepred to better define the kmQons 
of these bonngs based on the results of preceding invcstlgahons TM7 prcmded an FSP for the 
dnhng and samphg of bonngs at tke IHSS 133 sltes It also spsafM the collectton of 
groundwater samples from within bonngs using the Hydropunch II or BAT0 samplers where 
groundwater was present The soil bonng program and its ~ ~ u l t s  are discussed in Se!ct~on 
2 5 3 2  

8 - M- Well 113 ms TM provtded a revised FSP for the 
installahon and samphg of monrtonng wells in the wcmky o f  Mss 115 as prescnbe!d by the 
OU5 Work Plan Subsequent to the prcparatlon of the draft version of &Is TM, it was 
determined that the intent of the Work Plan was such that a TM was nehger rqtured to define 
the locabons of these mmtonng wells Therefare, a letter was prepared that descnbcd the plan 
for ms-g and samphg monitoring wells at MSS 115 TIUS letter IS presented rn Append= 
A, and the groundwater momtonng program IS c9rscWsad m -on 2 4 4 3 

9 - M- Well -n Pipn - 133 cEG&zi 1- The ~Stal lahOn of 
mmtonng weils 111 the area ofthe XHSS €33 nteawasptoposed in tfre OU5 Work Plan, and the 
Work Plan speclficd that a TM be preppted to &fine the locatrons of tkese wells TM9 
prowded a morutonng well Installahm and samphng program for the istaIhtIon of wells based 
on the resub of p m o u s  mvestigatfons m the mss 133 arca l"& im@emmtatmn of this 
and the results of &Is inveshgatton arc discussed in Scchon 2 5 4 1 
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TMlO - Soil SamDhna - Plan - Surface D I sturbance Areas CEG&G. 1 993h) TMlO presented a 
FSP for the collecuon of surface and subsurface soils at IHSS 209, the Surface Disturbance West 
of IHSS 209, and the Surface Disturbance South of the Ash Plts 'The OU5 Work Plan did not 
indicate that a TM would be required for these samplrng programs, but informauon obmned m 
previous stages of the inveshgauon of these areas necessitated that the sod sampiing program 
descnbed in the Work Plan be modified This lnfOrmahOn mdicated that there was no evidence 
of waste disposal m these areas, and the soil sampling programs were reduced in scope so as to 
only confirm the results of the preceding invesugahons A detatled discussion of the rauonale 
for redumg the scope of these aCUVihes and the results of the impiementahon of this TM are 
provided in Sechons 2 7 3 2 and 2 7 3 3 

As indicated above, dunng the course of the Phase I invesugahon several letters were sent to 

further clanfy the field work proposed by the OU5 Work Plan (Appcnd~x A) The first of these 

letters clanfied the actlwtles planned to further mvesQgate anomalies detected by the sod gas 

survey at IHSS 115 (see Secuons 2 4 2 2 and 2 4 3 3) The second letter, discussed above, 

replaced TM8 and defined the locauons of groundwater monitonng wells at IHSS 115 (see 
Secuon 2 4 4 3) The third and final letter descnbed a soil bonng program planned to 

invesugate an anomaly west of the IHSS 133 area that was idenufied by the magneuc survey (see 

Secuon 2 5 3 3) 

2 2  FIELD INVESTIGATION PROCEDURES 

All field investlgatlons conducted dunng the OUS Phase I RFI/FU were performed in accordance 

with the applrcable RFP Standard Operatmg Procedures (SOPS) More specifically, the 

procedures followed are those conmned in the following volumes of the Environmental 

Management Diwsion Wrahng Procedures Manual (5-2 1OOO-OPS) 

Volume I Field OperahOnS (5-21000-OPS-FO) (EG&G, 1992b), 
Volume II Groundwater (5-2100eOPS-GW) (EG&G, 1992c), 
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0 Volume II€ Geotcch~cal(5-21000-OPS-GT) -G, L992d), and 

Volume IV Surface Water (5-21000-OPS-SW) (EG&G, 1992~) 

DuMg the course of thrs project, several Document Change Not~ccs m s ,  now known as 

Document Modification Requests @MRs)) were prepared to mal@ the msttng procedures for 

speafk apphmon to the OW stes The Qscussmno of the impknmtatxon and results of the 

Phase I field achwhcs m Sactrons 2 4 through 2 7 prow& the daptlsaf the proEeduns f&owed 

for each activity, includlng any modifications 

2 3  DATA ANALYSIS AND BACKGROUND COMPARISONS 

To d e t e r n e  the nature and extent of the enwonmental impact potenttllly resultmg from waste 

disposal achvihcs at the OU5 sites, it IS nacessary to detersme any contnbuhon from natural 

sources When avalable, background data from the 1993 Background Geochermcal 

Charactemahon Report (EG&G, 19931) are used m th~s TM to quvrttfy *e conmbuhon from 
natural sourcts This report presents background chemstry data for borehole matenals for the 

different g d o g i c  and hydmtrahgraphic umts (flow systems), stream and sezplspnng sediments, 

groundwater samples from the ddferent geologx units and flow systems, and surhcc-w8ttf 

samples from locations "upgradtent" of RFP To date, background amcentrations have not been 

estabhshed ln the Baclsground Geochermcal Charactemzmm Report for surfkc soils at RFT 
Several sod samples have been collected from the Rock Creek dramage northwest of RFP The 

data for these samples are used as rcpmentative of background conoontrattons for surface sods 

in tlus TM 
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For each of the environmental media, the Background Geochermcal Charactenzahon Report 

provides descnphve stahstxcs which can be used for companson to site (non-background) data 

to initrally assess the degree of contarmnatlon present Tables 2 3-1 through 2 3-7 prowde 
summanes of the descnptlve statrshcs for environmental media perhnent to the OU5 RFI/RI 

Compansons of non-background data to background data, as reported in Sechons 2 4 to 2 7 ,  

were performed pnncipally using the Background Upper Tolerance Limit (BUTL), or both the 
BUTL and the Background Lower Tolerance Limlt for pH Non-background data that exceed 
the BUTL for a parucular conshtuent were used as an inihal indicauon of the presence of 

contarmnahon Geologic, geochemrcal, and hydrologic principals were then apphed to deteme 
the sigmficance of the stahshd results and the nature of contarmnatlon For instance, common 

rock-fomg elements (e g , calcium, potassium, sodium, and magnesium) are often identtfid 
as being present in concentrahons exceeding their respechve BUTLs The concentrauons of 

these elements are expected to vary widely m a natural enwronment, and above-background 
concentrahons are generally not considered to be indicahve of contaminahon 

For the purposes of this TM, the BUTL for all orgamc compounds (volahles, semi-volahles, 

peshcides, and polychlonnated biphenyls (PCBs)) was considered to be the detechon limit (I e , 
any detected orgmc compound was considered to be present in concentrahons exceeding 
background) As presented in Secuons 2 4 to 2 7 ,  several common laboratory contaminants 

(e g , acetone, methylene chlonde, and cem phthalates) were frequently detected in samples 
Where laboratory blank data are avadable, the concentrabons of these compounds in samples 
were compared to the laboratory blank results to detemne whether the detectron of these 
compounds m the samples was indicahve of site mntammauon If the concentrahon of these 

compounds in the sample was greater than 10 hmes the lab blank concentrahon, the result was 

not attnbuted to laboratory contaminauon Similarly for orgmc compounds not normally 
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consder laboratory contammants, if the Goncentatron of thesc ampounds m the sample was 

greater than five trmes the laboratory blank concentratmn, the result was not ambuteb to 

laboratory contammatron Srnce the data validatm process conmmg, it IS possible that more 
of the results for orgaruc compounds discussed m Sectmas 2 4 to 2 7 may be attnbuted to 
IaboIiItory contarmnatron 

As noted above, for the pu- of thu TM the corn- of ate data to background 

concentratmns consisted only of a cornpanson to BUTLs For those analytes where BUTLs 
werc not prowded by the Background Geochcmd Characteslzztlon Report, the maxmum 
background concentration was used for thzs compw~on flus appmach is Behevex! to be 

adequate for prowdmg an iruhd m&cstton of the prclsenee of contammaUon at an MSS and fix 

determmg where addmod data may be requlrcd to satisfy the objactlves of the OU5 RFURI 

Thls approach appears to be pafmhrly vahd fix the purposes of thw TM m that the data that 

are absent for many MSSs pertam to physical charactmshcs (e g , the presence or absence of 

an ash pit) rather than chemical charactenstrcs when all of the samples collected under each 
stage of the Phase I RFURI have been analyzed, a larger swte of statmud tests (the Gllbert 

Methodology) wll be apphed to these data to determme slte m-ts that w d  be evaluated 

in the nsk assessmeat process 

BUTLs for metals and radmades were calculated from a surte of sod samples designated as 

the Rock Creek-18 These samples were cullccted f h m  the northwestem buffer zone and are 

behcvd to be reprcsemtatwe of surface sotl chermstry is URaffcCfcd by operatrons at RFP 

The Rock Creek-18 data were rctneved from EG&G's Rocky Flats Enwonncntal Data System 

(WEDS) and cleaned up accordrng to the gudance amtamed m Appendu B After the data 

1 
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were cleaned up, data sets for each analyte were evaluated to determine if the sample populatron 

was greater than 10 and if greater than 50 percent of the reported concentratrons were actual 

detected values Upper tolerance limits were calculated for data that satrsfied these cntena The 
data were then evaluated for normallty using the probabllity plot, correlatron coefficient method 

where the linear correlatron coefficient between the data and their normal quantrles arc 

computed, and the result is compared to pubhshed cnbcal values of r* (alpha = 0 05) for the 

probability plot, correlatlon coefficient test of normality (Helsel, et al , 1992) 

Upper tolerance hmts were calculated for normallydstnbuted data accordmg to the follomg 

equabon 

L , = X + K s  

where = upper 99 percent tolerance limit 
X = mean of the sample populauon 
K = n o m  tolerance factor at 99 percent coverage and 99 percent confidence 
s = sample standard deviabon 

Upper tolerance hmits for data that were not normally distnbuted were calculated according to 

the followng equabon 

= X, + Ks, 
where = upper 99 percent tolerance limit 

X, = back transformed mean of the log-transformed data 
K = normal tolerance factor at 99 percent coverage and 99 percent confidence 
s, = back transformed sample standard deviatron of log-transformed data 
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Table 2 3-2 ltsts upper tolerance hmts for metals and radronuchdes fbr the Rock Creek-18 
samples 

Data &tamed from the analyns of samples collected tmdcrthe QrU5 RFI/lU were cleaned up m 
accordance wth gudance pepamd by the USBrG Geoscrences Ilcptmnt (Append= B) The 

cleanup process conssts of smd steps that must be to transfm the raw RFEDS 

data mto a data set that c ~ ~ t a t a s  only that informatlan that is pemmt to the c o m p s c w  dste 

data to BUTLS The actions perf- dUMg the Clean-up procesS m C l d  

Dataqecteddunng thevaMatmpmcessarer#nwed 

Duphtc records that contam the same mformamn for a sample are removed 

Quahty control data, wth the exceptlorr of field cbphcates, are removed from the 
data set and placed mto a sparate data set for anaIysis 

Unvahdated data are replaced wth validmd data, if avatlable 

Data quahfied as bemg unusable are removed 

Data for diluted samples axe modified as appropriate 

Results less than the detechm h u t  are @aced wth an appqqm& value 

Results for field duplicate prs are averaged 

Append= B contams data sets that resulted from the cleanup pnxess for OU5 samples These 
data sets are grouped by the major analpal groups routmely reportad by WEDS - metals, 

radionuchdcs, water q d t y  parameters, volahie orgmc compounds (VOCs), semi-volatile 

orgames compounds (SVOCs), peshcIde!s, and PCBs The data presented xn Appendur B are 

35' 
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those data that were used for the evduahons discussed m sechons 2 4 through 2 7 of tfus TM 
Table 2 3-8 illustrates the status of the analysis and validahon of samples collected under the 

OU5 RFYFU as of January 28, 1994 

2 4  IHSS 115 (ORIGINAL LANDFILL) AND IHSS 196 (FILTER BACKWASH POND) 

As discussed m Sectron 1 2 1 1, the iVeshgahOn of IHSS 115 (Onginal Landfill) also 
encompassed the area of IHSS 196 (Water Treatment Plant Filter Backwash Pond) The 

followmg sechons discuss the implementahon and results of the Phase I mveshgahon of both 
sites 

2 4 1 Stage 1 - Review of Exlstmg Data 

Stage 1 acuviues spezified by the OU5 Work Plan for IHSS 115 included reviewing aenal 

photographs taken dunng the operahon of the Onginal Landfill to idenhfy the extent of disposal 

operauons Stage 1 also involved review of the results of a gamma radiahon survey conducted 

in 19% and review of any addihonal studies conducted subsequent to complebon of the OU5 

Work Plan 

The purposes of the aenal photograph review were to 1) detemne if the mapped IHSS 
lOtXhOnS and areas shown on Figures 2-2 and 2-6 of the OU5 Work Plan conform to the surface 

disturbances as idenhfied on verhcal aenal photographs, and 2) identrfy other prominent 
I 

features, mcludmg disturbed ground, mounds, trenches, or depressions not identified in the OU5 I 

i Work Plan The aenal photographs used for this review were verhcal aenal photographs from 

the EPA Aenal Photographic Analysis Companson Report @PA, 1988) and a Senes of oblique 

I 
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e n d  photographs obtarncd from the RFP aTchlvcd The vcrtlcoI @omgraphs from EPA (1988) 

were taken in the years 1953, 1955, 1964, 1971, 1970, 1980, 1983, 1986, and 1988 The 

obllqut acnal photographs mtemuttently spanned the ponod of Febzuary 6, 1966 to June 26, 

1991 

The review of aviulable acnal photographs resulted m some r n d i ~ c m s  to the dimensons and 

boundanes of IHSS 115 shown in the OUS Work Plan These mocMcahons are summBlhzcd 

below and shown on Figure 1 2-2 

A suspect area shown ~dtsturbal gnntnd and apcMslble pt off the west d of 
IHSS 115 were idatifid 

The surface dmubawx east of the landfill WBS enlarged to mclude an area 
lnterpreted as rubble pdei east of the road on the east slde of the surfkc 
disturbance Ttw mterprctabon is based on an evaluation of oblique mal 
photographs taken in December 1987 that clearly define the rubble piles This 
rubble is intcrpmcd as matenal used to corwuct a collmon basin for the 
&scharge outlet for the outfaU ppc shown on Figure 1 2-2 

The onginal o u t M  pipe, now abandond, was con- m 1986 and was 
extended to the south by a comgatd metal flume The b d  outfall pipe 
extendtng to the southeast was added m ather 1987 or 1988 The constNctlon 

of a substanbal amount of landfill mated 
Of both ~torm-se~er plpe~ Would have resulted UI the &*lacement and r e b u d  

The drrunage ditch shown to tttc east of the outfall plpts was wsible on vcttlcal 
acnal phaogaphs from 1955 throngh 1981 and was apparently covered or 
partlaily filled by 1983 The ditch is clearly vrsble on obhque photographs taken 
in 1967 and 1969 wluch show a culvert under the rarlroad tracks and probably 
under the miiun road There is no ph- mc&nce that the culvert was 
removed, sealed, or extended before the ditch was coyercd 
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0 The berm shown to the south of the west end of the landfill was under 
construcnon in oblique photographs taken on November 15, 1967 Oblique 
photographs taken on June 5, 1969, July 1 1 ,  1969, and May 15, 1970 show the 
area behind the berm (north side) in vanous stages of being filled with rubble and 
a number of large umdenufiable objects It may be sigmficant to note that one 
of the uranium-238 anomah detected by the 1990 high punty germanium 
(HPGe) survey descnbed later in this sechon occurred just to the south of tfus 
berm 

: 
: 

0 Obhque photographs show that the pond idenhfied on the 1955 vemd aenal 
photograph (IHSS 196) and interpreted to be filled in on subsequent photographs 
appears to have been completely washed out in later years Consequently, any 
sludge or sediments that would have accumulated when the pond was in use may 
have spread out below the pond site or been deposited in Woman Creek pnor to 
the construchon of the SID 

0 Aenal photographs indicate that the landfill was operated as an area fill Waste 
appears to have been dumped over the southern edge of the alluvial pediment on 
which RFP is located and spread over the southerly-facing slopes incised by 
Woman Creek Groundtruthing, conducted as part of the aenal photograph 
review process, indicated that the landfill cover is intact above a topograptuc 
break near the center of the landfill which sigmfies the upper edge of a slump 
Below the topographic break, the cover appears to be eroded with numerous small 
slumps, which locally expose some of the waste 

Dunng the penod from October 25, 1990 to December 8, 1990, a gamma radiahon survey was 

conducted over the area of IHSS 115 and 196 usmg a 20 percent N-type, HPGe detector (DOE, 

1992a) The survey data are presented in Volume 11, Appendlx B, of the OU5 Work Plan This 

investIgatIon found that radiahon in the soil was contnbuted from potassium, uranium, and 

thonum Radium and cesium were also measured indirectly from daughter isotopes Review 

of these data indicates that acnvity from most of the detected isotopes was consistent with natural 

background, however, there were areas that exhibited elevated uranrum-238 acbvity (hot spots) 

These hot spots are shown on Figure 2 4 1-1 
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Cmum-137 is a human-made fisslon product deposited by fallout €Porn worldumde nuclear testrng 

(Wnbud,  1973) After several umversaQons wlth the man;rg;ea of t#e HPGe program, it 
detemmed that the cesium-137 sumy data could be used to deltneaae anas where the sod cover 
has remed undisturbed for several decades Fallout amcmtrat~ons of ces~urn-137 over a 

given undisturbed area are expected to be relatively conssBent Cesium-137 ~ n c c n t r a t i O l l s  over 

2 

known undtsturbed areas sumunbg the landfill were IdeIItEfied to be conststently clost to 0 4 

picocuries per gram (pCr/g) and d u e s  over known drsaubad arcas wcrc slgnrficantly less A 

value of at least 0 4 pCdg of ceslurn-137 was selected as a h u t  to d e f b  undisturbed arcas 

W I ~ ~ I X I  the survey boundaries "Ius method ddineates M areaof postably undnturbed ground 

that was found to be consstent wth the o n g d  toQorpaphy of the slteas was dctmmed fiom 
an exarmnatlon of anal photographs of the area (sae TM5, Figure 2) 

Additional conclusions drawn from the HPGe survey are summ8TIzcd below 

Volume II, Appcndrx B, Figure 5 of the OU5 Wslk Plan shows contours for a 
large anomaly located over the central pmmn of the landfiu Tius anomaly 
encompasses S\INCY stahons C-8, C-9, I%-'7, and E)-8 shown on Figure 2 4 1-1 
T ~ I S  anomaly may be a composte of polnt sources, awIough thls cannot be 
detemned from the awlable data These areas were subsequendy surveyed 
usmg a Field Instrument for the Detecteon of Low Energy Radratlon (FIDLER) 
(Section 2 4 2 3) 

A n o m  at statttons D-3 and P-2, daccted to the south and east of the landfill, 
rcqect~vdy, appeat to be related to hifill ma#nai that was excavated dururg 
the construct~m of the SID 

The locatzon and source for the anomaly at smon SP-2 is documented by 
photographs 19,20, and 21 III "Photographs of Wtxnau Creek, OW" (Appendu 
C) The descnpbon for one of the photographs inchdcs the caxdmates of the 
source, which exactly comcldes wth the coonimam of sumy statton SP-2 The 
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Table 2 3-1 Background Summary Stat~mcs for Upper Flow System Geoloepc Matenals 

Analvte Name 

Alurmnum 
Antunonv 
Al-XtllC 
Banum 
Bervlhum 
Cadnuum 
calcium 
Cmum 
Chrormum 
cobalt 
C O P F  
Iron 
Lead 
Lihum 
Magnesium 
ManganW 
Mercurv 
h4olyWcnum 
Nickel 
Potassium 
Selenium 
Sdva 
Sodium 
Strontlum 
fhdhum 
TUI 
Vanadium 
Zinc 

Radioauchdes 

Analvtc Name 

Amencium-24 1 
Cesium 137 
Gross AJpha 
Gross Beta 
Plutoruum 239R40 
Radium 226 
Radium 228 
Strontlum-89/90 
Tntium 
Uraruum 233234 
Uranium 235 
Uranium 238 
Uranium Total 

Samde Sue N) 
98 
66 
99 
99 
99 
a1 
81 
95 
99 
99 
99 
99 
99 
99 
99 
99 
86 
99 
96 
98 
a2 
a3 
99 
99 
75 
92 
99 
98 

-?r 
28 
99 
99 
99 
99 
83 
83 
99 
99 
99 
99 
99 
99 

Water O u a h  Parameters 

halvtc Name 

Nitratu?rlitnte 
Sulfide 
PH 

98 
97 
88 

ImI!Lu 
39 105 66 

47 00 
14 66 

321 20 
15 75 
2 17 

44 733 41 
867 74 
76 30 
32 60 
42 43 

45 421 42 
27 29 
38 45 

10 426 06 
1 014 41 

2 20 
67 60 
69 05 

7 002 88 
6 68 

34 39 
3 680 00 

235 42 
4 10 

323 37 
97 89 

155 97 

Max Conc 21 Mean 
12 752 03 

47 00 4 71 
3 88 

96 46 
4 78 
0 82 

6,951 09 
230 46 

19 61 
7 50 

12 57 
14,531 98 

10 87 
11 76 

2 584 42 
217 64 

0 24 
67 60 8 93 

20 73 
1311 57 

122 
5 62 

300 66 
65 62 

4 10 0 52 
61 75 
31 49 
36 86 

BUTL 1) Max Conc. 21 
0 02 
0 1 1  

49 48 
40 75 
0 02 
1 45 
2 37 
0 98 

477 09 
3 25 
0 14 
I ‘3 
3 55 

m) Max Conc 21 
7 10 7 10 
9 88 
9 61 

Mean 
000 
0 01 

24 91 
24 72 
000 
0 75 
140 
0 03 

141 72 
0 78 
0 02 
0 73 
1 46 

Ulnimum 

279 00 
0 95 
0 27 
9 40 
0 46 
0 08 

580 00 
81 75 
4 10 
190 
I 1 0  

lS0000 
260 
I45  

356 50 
37 00 
0 03 
100 
2 15 

186 50 
0 11 
0 27 

63 00 
10 15 
009 

10 10 
4 22 
0 26 

Mnimum 
-0 02 
000 
500 
600 

-0 01 
0 50 
0 50 
-0 60 

150 00 
0 20 
000 
0 20 
0 50 

Maximum Lr,. 
10200000 UGKG 

4700 MGKG 
4180 MGKG 

77700 MGKG 
t3SO MGKG 
230 MGKG 

15700000 MGKG 
2 830 00 MGXG 

176 00 MGKG 
9390 MGKG 

12300 MGXG 
13200000 MGKG 

3980 MGKG 
8320 MGKG 

32J0000 MOKG 
3,33000 MGKG 

5 9 0  MGNG 
6760 MGKG 

193 00 MGXO 
18 700 00 MGKG 

1370 MOXG 
4090 MGKG 

3 680 00 MGKG 
24200 MGKG 

410 MGKG 
44100 MGKC3 
28300 MOXO 
48600 MGACG 

Maxlmum 

0 01 
0 20 

48 00 
4400 
0 03 
130 
2 20 
1 20 

440 00 
890 
0 20 
3 20 
6 70 

Unrt 
PCL’G 
PCL‘G 
PCYG 
PCUG 
PCYG 
PCYG 
PCVG 
PCUG 
PCYL 
PCVG 
PCUG 
PCYG 
PCUG 

Maximum M e a n -  Mnimum 

094 0 50 710  MGKG 
2 22 100 2100 MGKG 
800 6 10 910 PH 



Table 2 3-2 Background Summary Statistics for Surface Soils 

ha lv te  Name 
Aluminum 

Banum 
Bervlkum 
Cadmum 
Calcium 
Cesium 
Chromium 
Cobalt 

Iron 
Lead 
Litluum 
Magnesium 
-gan= 
Mcrcurv 
Mohrbdenum 
Nickel 
Potassium 
Selenium 
Silicon 
silver 
Sodium 
Strontium 
Thallium 
I m 
Vadium 
Zinc 

rzrstnic 

COPP 

- 

Smole slze 
20 
20 
20 
20 
19 
20 
20 
20 
’0 
20 
20 
20 
20 
20 
20 
18 
20 
90 
20 
20 
20 
20 
20 
20 
20 
20 
20 
20 

JU€L Mw.2 
25 758 00 

12 78 
492 59 

5 98 
4 79 

15 913 70 
593 60 
28 01 
19 09 
30 03 

29288 80 
63 12 
21 95 

7 629 15 
1,257 80 

2 70 2 70 
20 00 20 00 
26 99 

5 98020 
138 

7318 88 
500 500 

1,510 76 
9688 -- 

2 02 
81.21 
6062 
9720 

MEW 
13257 70 

579 
199 70 

155 
135 

5 413 00 
11624 
1521 
780 

13 45 
15,553 50 

37 62 
11.23 

2977 00 
432 85 

2 70 
14 64 
1274 

308050 
060 

no 59 
280 

290 58 
37 97 
080 
36.23 
31 97 
5726 

&!!!Qwl 
7 715 00 

2 10 
12000 

0 45 
0 50 

2260 00 
2 10 
9 20 
4 40 
7 70 

10 400 00 
26 65 

7 10 
144000 

188 50 
t 70 
2 70 
780 

1 95000 
0 28 

54 80 
100 

56 90 
20 90 
0 28 

2000 
20 95 
41 40 

Amcncium 24 1 
Cesium 137 
Gross Apha 
Gross Beta 
Plutonium 239240 
Radium 226 
Radium 228 
Strontium 89/90 
Uranium 233l234 
Uranium 235 
Uranium 238 

SmDk stzem 
16 
12 
9 
9 
20 
10 
10 
9 
18 
18 
18 

BY?& 
006 
3 68 

42 22 
55 67 
0 13 
160 
487 
222 
176 
0 19 
190 

m & E l u  M0!n 
0 02 
141 

20 83 
30 83 
0 05 
0 95 
2 18 
0 62 
1 14 
0 05 
117 

3-71 

Mvrlm_um 
-000 
0 71 

16 00 
24 00 
0 03 
0 75 
130 
0 10 
0 91 
0 01 
0 89 

Maxtmumm 
2180000 MGKG 

850 MGKG 
47000 MOKG 

250 MGlKG 
250 MGXG 

2938.38 MGKG 
25000 MGBO 

2200 MGKG 
2400 MGKG 
23 10 MffKG 

2490000 M@KG 
5100 MWKG 
1770 EJKi/l(G 

6,38000 MO/KO 
2220 00 MGKO 

270 MGKG 
2000 MGKG 
1870 AkG/KG 

5,23500 MWKG 
100 MGKG 

184500 McuI<G 
5 0 0  MGKG 

50000 MGKG 
10900 MGKG 

100 MGKO 
51150 M M G  
46.60 hdo/Ko 
9225 MGKG 

Maxlmrrm 
004 
2 so 

28 00 
4000 
0 €0 
110 
290 
100 
1 so 
0 12 
1 52 

Yet! 
PCYG 
PCUG 
PCVG 
PCYG 
PCYO 
PCYG 
PCYG 
PCVG 
PCYG 
PCYG 
PCYG 



Table 2 3-3 Background Summary Statistics for Upper Flow System Groundwater 

- Metals 

Analvte Y a m  

Uuminum Dissolved 
Uuminum Total 
Utimonv Dissolved 
htimonv Total 
Arsenic Dissolved 
Arsenic Total 
Banum D~ssolved 
Banum Total 
Bervllium Dissolved 
Bervllium Total 
Cadmium Dissolved 
Cadmium Total 
Calcium Dissolved 
Calcium Total 
Cesium Dissolved 
Cesium Total 
Chromium Dissolved 
Chromium Total 
Cobalt Dissolved 
Cobalt, Total 
Copper Dissolved 
Copper Total 
Cvanide Dissolved 
Cvanide Total 
Iron Dissolved 
Iron Total 
Lead Dissdved 
Lead Total 
Lithium Dissolved 
Lithium Total 
Magnesium Dissolved 
Magnesium Total 
Manganese Dissolved 
Manganese Total 
Mercurv Dissolved 
Mercurv Total 
Molvbdenum Dissolved 
Molvbdenum Total 
Nickel Dissolved 
Nickel Total 
Phosphorus Dissolved 
Potassium Dissolved 
Potassium Total 
Selenium Dissolved 
Selenium Total 
Silicon Total 
Silver Dissolved 
Silver Total 
Sodium Dissolved 
Sodium Total 
Strontium Dissolved 
Stronhurn Total 
Thallium Dissolved 
Thallium Total 
Tin Dissolved 
Tin Total 
Vanadium Dissolved 
Vanadium Total 
Zinc Dissolved 
Zinc Total 

Sam& Sue 

246 
147 

141 
'20 

256 

112 

240 

256 
I49 
211 
112 
250 
143 
23 1 
148 
248 
148 
3 
I55 
255 
147 
25 1 
140 
250 
149 
253 
149 
255 

207 
148 
21 1 
150 
236 
145 

252 
150 
'19 
144 
82 
235 
147 
254 
149 
252 
146 
2 12 
146 
235 
149 
249 

256 
139 

24s 

138 

14s 

148 

148 

14s 

a 

14s 

262 91 
12 642 33 

43 20 
49 14 
15 00 
5 93 

163 94 
208 14 

400  

466 
1 1  10 

4 ao 

131288 91 
128 a16 15 

867 a7 
617 60 

13 69 
22 58 
29 00 
39 40 
15 32 
39 12 
97 09 

5 55 
320 57 

14 654 53 
12 57 
11 75 

I60 47 
147 37 

29399 19 
28 854 11 

184 57 
331 64 

0 69 
022  

98 73 
11604 
23 73 
32 68 

471 74 

4 472 65 
50 02 
47 99 

48399 65 
7 79 

10 00 

3 862 30 

133 758 65 
123,327 7a 

1 03095 
944 25 

544 
5 77 

117 96 
116 20 

36 64 
55 66 

153 21 

28 26 

15 00 

100 
1 80 

1 1  10 

29 00 
39 40 

5 55 

0 69 

10 00 

Mean 
59 52 

2 712 80 
l 7  34 
I9 19 
1 63 
1 95 

83 42 
102 44 

101 
107 
173 
164 

55 414 55 
55 030 23 

202 20 
I54 42 

484 
7 01 
6 60 
764 
5 01 

10 67 

I20 
56 26 

3 017 34 
159 
3.26 

33 95 
33 75 

10,315 64 
27 37 
79 59 
0 1 1  
0 12 

19 64 
24 09 
701 

10 58 
167 00 

1371 50 
1731 21 

4 57 
I5 564 97 

284 
2 35 

32 012 98 
30 081 85 

323 60 
31261 

I 6 4  
1 67 

30 96 
33 88 

7 92 

14 03 
37 16 

5 a3 

io 038 2a 

5 5a 

13 ai 

Wnirnum 

2 50 
22 60 
300 
360 
0 40 
0 35 

14 75 
25 90 
0 15 
0 40 
0 50 
0 50 

15 15000 
15 950 00 

200 
2 0 0  
100 
1 00 
100 
1 00 
0 50 
1 00 
2 50 
0 75 
1 00 
6 50 
0 20 
0 50 
0 50 
110 

2 12000 
1330 25 

0 50 
0 50 
0 05 
0 10 
1 00 
1 00 
1 00 
1 00 

80 00 
160 00 
233 00 

0 50 
0 so 

4399 00 
100 
1 00 

2 500 00 
2 500 00 

50 00 
58 10 
0 30 
0 45 
200 
4 70 
0 60 
100 
1 00 
4 20 

llaxlmum - unit 

103600 UGL 
1995000 UGlL 

54 10 UGlL 
8660 UGlL 
1500 UGlL 
500 UGL 

20300 UOn 
31700 UGlL 

400 uon 
480 UGlL 
860 UG/L 

1 1  10 UGlL 
184OOO00 UGlL 
18600000 UGlL 

250000 UGlL 
50000 UGlL 
2320 UGlL 
31 65 UGlL 
2900 UG/L 
3940 UG/L 
2090 UGlL 

10500 UGlL 
1000 UGL 
555 UGlL 

110650 UGlL 
2710000 UGlL 

6400 UG/L 
2500 U&L 

25000 UGL 
26600 UOlL 

46,30000 UGL 
4790000 UGlL 
44000 UGL 
58400 UGlL 

069 UG'L 
027 UGiL 

11400 UGL 
100 00 UGiL 

7160 UGlL 
231 00 UGL 

8 11000 UG/L 
8,37000 UGlL 

17300 UGlL 
20300 UGlL 

51 65000 UGlL 
1180 UGlL 
10 00 UGiL 

25200000 UGL 
19400000 UGlL 

191000 UGL 
177000 UGL 

5 00 UGiL 
S O 0  UGlL 

34000 UG/L 
10000 UGL 
5000 UGL 

123 00 UGlL 
137 00 UG/L 

3580 UGL 

49800 UGZ 



Table 2 3-3 (cont ) Background Summary Stamtics for Upper Flow System Groundwater 

Anal- Name 

unercium 241 Total 
Americium 241 Dissolved 
Cesium 137 Dissolved 
Cesium 137 Total 
Gross Alpha, Rssolved 
Gross Alpha. Totd 
Gross Beta, Rssolved 
Gross &t.. Total 
Plutonium 238 Total 
Plutonium 2391240 D~ssolved 
Plutonium 2391240 Total 
Radium 226 Dissolved 
Radium226 Total 
Radium 228 Rssolved 
Stranhum 89/90 Dtssolvcd 
Stronaum-89/90 Total 
Tnhum Rssold 
Tnhum Total 
Uranium 233t234 D~srolvcd 
Uranium 233L234 Total 
Uranium 235 I)lsSolved 
Uranium235 Total 
Uranium 238 Dissolved 
Uranium238 Total 

Samde Stze N) 

2 

156 
213 
23 
1% 
23 
15 
1 

194 
36 
6 
6 

180 
32 
I64 

105 
35 
207 
35 
176 
22 

1 a3 

38 

a3 

Water OuaWv P ammeten 

4mkkkQs 
Alkaiinitv 
Biwbo~tC 
Carbonate 
Chloride 
Cvanide 
Fluoride 
NitrataNitnte 
Nlrnte 
Orthophosphate 
Phosphorus 
Silica 
Sodium Nitnte 
Sulf'ate 
Total Rssolved Solids 
Total Solids 
Total Supcndcd Soh& 
PH 

Samole sla nq 
3 

31 1 
300 
257 
66 
300 
305 
54 
191 
56 
274 

1 
278 
3 10 
4 

301 
3 

pvn. 11 Max. Conc 2) 
0 03 
2 11 
2 14 
100 

93 86 
390 58 
37 25 

221 31 
0 03 
0 01 0 01 
006 
0 63 
129 
5 9 4  
105 
115 

578 79 
13 539 22 

74 22 
144 83 

I 88 
5 2 3  

51 60 
114 17 

I33mJl Max. Conc.2 
394777 

57731 
32 38 32 38 
4237 
20 00 20 00 

171 
5 26 
0 15 
006 
0 17 

32 90 
0 02 0 02 

493 22 
108248 

479 75 
113372 

18 20 

USiQ 
0 01 
0 01 
0 42 
0 12 
8 35 

43 50 
4 89 

24 95 
000 
0 01 
000 
0 26 
036 
2 12 
034 
022 

101 70 
624 85 

6 91 
15 62 
0.20 
0 62 
4 83 

10 84 

MSm 
156 90 
233 81 

1 82 
12.24 
794 
0 61 
105 
0 03 
0 01 
004 

14 08 
OM 

86.37 
355 49 
2402 

133 40 
7 17 

Minimum 
-0 01 
000 
-0 19 
-0 59 
-0 65 
0 35 
150 
0 20 
000 
0 01 

-0 01 
006 
0 18 
1 70 

-0 40 
4 29 

223 00 
210 00 
4 02 
000 
404 
-0 02 
404 
000  

Muum!!m 
6030 
46 94 

000  
120 
200 
0 10 
0 01 
0 01 
000 
0 01 
3 80 
0 02 
290 

6600 
2 50 
200 
690 

Maxtmum 

0 10 
0 02 
260 
116 

312 70 
342 00 
135 90 
22000 

003 
0 01 
022 
0 53 
0 52 
300 
180 
1 12 

955 45 
1385 00 

199 50 
164 00 

480 
639 

135 60 
108 00 

Muumum 
34000 
75s 90 
32.38 

11800 
20 00 
290 

12 00 
020 
0 20 
0 17 

57 00 
002 

120000 
158000 

79 10 
640000 

7 70 

m 
M o h  
M o h  
Moh 
M G 5  
UGR. 
MGR. 
MGR. 
MGR. 
MGR. 
MGR. 
MOn 
MG/L 
MGR. 
MGR. 
MGR. 
MGL 
PH 



Table 2 3-4 Background Sumarv Statistics for Stream Water 

Analwe Name 

Aiuminum Dssolved 
Aluminum Total 
lnumonv Dissolved 
Qtimonv Total 
Arsenic Dissolved 
Arsenic Total 
Banum Dissolved 
Banum Total 
Bcrvllium Dssolved 
Bervllium Total 
Cadmium Dissolved 
Cadmium Total 
Calcium Dissolved 
Calcium Total 
Cesium Dissolved 
Cesium Total 
Chromium Dissolved 
Chromium Total 
Cobalt Dissolved 
Cobalt. Total 
Copper Dissolved 
Copper Total 
Iron Dissolved 
Iron Total 
Lead Dissolved 
Lead Total 
Lithium Dssolved 
Lithium Total 
Magnesium Dissolved 
Magncsum Total 
Manganese Dissolved 
Manganese Total 
bfercurv Dissolved 
hfcrcurv Total 
Molvbdenum Dissolved 
Molvbdenum Total 
Vickel Dissolved 
Kickel Total 
Potassium Dissolved 
Potassium Total 
Selenium Dissolved 
Selenium Total 
Silicon Total 
Silver Dissolved 
Silver Total 
Sodium Dissolved 
Sodium Total 
Stronuum Dissolved 
Strontium Total 
Thallium Dissolved 
Thallium Total 
Tin Dissolved 
Tin Total 
Vanadium Dissolved 
Vanadium Total 
Zinc Dissolved 
Zinc Total 

Sarnole Slze fi7 
134 
139 
92 
119 
94 
110 
145 
131 
90 
115 
78 
108 
154 
153 
98 
120 
90 
120 
87 
116 
125 
121 
'53 
157 
113 
131 
119 
126 
150 
146 
149 
151 
83 
122 
93 
125 
86 
120 
126 
128 
85 
120 
67 
99 
116 
153 
155 
139 
135 
98 
124 
99 
118 
107 
120 
139 
151 

B m  11 
-75 18 

3 892 76 
59 20 
54 80 

5 0 0  
5 8 4  

127 74 
138 1 1  

17 00 
2 50 
3 50 
500  

50,358 44 
49 464 66 

2 500 00 
1250 00 

14 80 
I8 90 
25 00 
25 00 
17 48 
16 95 

560 62 
926 75 

5 14 
7 36 

63 66 
52 35 

9 800 47 
9 812 65 

139 22 
885 29 

044 
1 40 

250 00 
50 00 
21 80 
20 GO 

3 585 92 
4 167 09 

13 26 
6 33 

16346 19 
15 00 
7 80 

34 096 80 
33 817 24 

972 33 
590 13 
I5 00 
20 00 
83 05 
67 07 
25 00 
28 76 
55 86 

175 64 

Max Conc 2) 

54 80 
5 00 

1'00 
2 50 
3 50 
5 00 

2 500 00 
1.250 00 

14 80 
18 90 
25 00 
25 00 

0.14 
I 40 

250 00 
50 00 
21 80 
$0 00 

15 00 
7 80 

1s 00 
20 00 

25 00 

h 
89 90 

'47 63 
1801 
15 10 
132 
1 73 

45 17 
58 84 

1 0 8  
0 78 
1 80 
1 89 

23 621 75 
23 601 21 

384 06 
256 15 

3 15 
3 88 
4 87 
5 71 
5 9 0  
5 59 

144 92 
1247 08 

1 33 
1 88 

15 71 
1 1  77 

4 735 82 
4901 94 

28 02 
84 76 
0 12 
0 13 

32 82 
12 65 
7 35 
7 37 

1427 16 
1 669 97 

2 24 
155 

6 076 23 
2 76 
2 59 

16 603 04 
1606041 

241 81 
171 63 

1 82 
1 80 

28 52 
20 18 
4 19 
6 97 

13 59 
31 91 

'v%nimum 

f 50 
9 35 
3 75 
3 50 
0 35 
0 25 

12 25 
19 15 
0 10 
0 10 
0 70 
0 70 

5 425 00 
5 505 75 

1 00 
1 00 
1 0 0  
1 00 
1 00 
1 00 
1 00 
1 00 
3 00 

0 20 
0 40 
0 50 
100 

1345 00 
1360 00 

0 47 
0 65 
0 05 
0 05 
1 00 
1 00 
1 50 
1 50 

195 00 
190 00 

0 50 
0 40 

690 00 
1 00 
1 00 

3 640 00 
185000 

33 45 
32 95 
0 45 
0 30 
4 65 
3 50 
1 00 
1 00 
0 85 
0 85 

4 as 

Maxlmuq - Unit 

105000 UGL 
6 5 6 0 0 0  UGR. 

10400 UGR. 
5480 UGL 
500 UGR. 

11 50 UGL 
39100 UGL 
30600 UGL 

1700 UGL 
2 5 0  UGL 
3 5 0  UGL 
5 0 0  UGL 

7930000 UGL 
7160000 UGL 

250000 UGL 
1,25000 UGL 

1480 UGR. 
1890 UGR. 
2500 UGL 
2500 UGL 
2800 UGR. 
2560 UGL 

106000 UGL 
2620000 UGL 

1310 UCYL 
2100 UGL 
5050 UG/L 
5000 UGL 

1780000 UGL 
1660000 UGR. 

35300 UGL 
4 0 6 0 0 0  UGR. 

044 UGL 
140 UGL 

250 00 UG;L 
5000 UGL 
21 80 UGL 
2000 UGL 

680000 UGL 
670000 UGL 

2000 UGL 
2000 U G L  

1520000 UGL 
1500 UGL 
780 UGL 

4470000 UGL 
4540000 UGL 

l o 0 0 0 0  UGL 
100000 UGL 

1500 UGL 
20 00 UGL 

13600 UGiL 
13600 UGL 
2500 UGtZ 
6000 UGL 

1 1 1  50 UGL 
48000 UGL 



Table 2 3-4 (cont ) Background Summary Statistics for Stream Water 

4rncrcium 241 Total 
mcncium 241 Dissolved 
Cesium 134 D~ssolvcd 
Cesium 134 Total 
Cesium 137 DIssoived 
Cesium 137 Total 
Gross Alpha, D~ssolvcd 
G m  Alpha, Total 
GrQsaBc@hdvd 
GmssI3CU.Tot.l 
Gross Gunma. Dtssolved 
Plummum 236 D ~ d v e d  
Plutonium 236 Total 
Plutonium 238 Dissdved 
Plutonium 238 Total 
Plutonium-239f240 D~ssolved 
Plutonium 239l240 Total 
Radium226 D~ssolwd 
Radium226 Total 
Radium 228 I)lssdvd 
Stronuum-89/90 Dissolved 
Stronaum-S9/90 Total 
Tnhum I)lssdved 
Tnttum Total 
uransum233i234 I)lstolved 
Lhnium-233/234 Total 
URnrUm-uS D l d v e d  
Uranrum-235 T d  

Uranium 238, Total 
U m n i u m T d  DwoIved 
Uranium Total Total 

umlum-zia D-M 

SamlcSu c 

106 
34 
3 
8 
10 
93 
60 
85 
61 
82 
24 
4 
12 
4 
12 
36 
1 05 
3 
4 

87 
75 
54 
73 
55 
79 
56 
75 
55 
55 
6 
17 

7 

Water Oualitv Parameters 

Bicarbonate 
CBDOS 
Carbonate 
Chlondc 
cvanidc 
Dissolved Organic Carbon 
Ruondc 
Hvdqcn Sulfide 
YitmtwNitnte 
Nitnte 
011 and Grerue 
Orthophosphate 
Phospharw 
Sllica 
Sodium Nitrite 
Sulfate 
Sulfide 
Total D~ssolnd Solida 
Total Orgmc Cubon 
Total Suspended Solids 
PH 

154 
10 
154 
151 
129 
35 
100 
3 

153 
85 
105 
95 
1 02 
95 
17 
151 
73 
151 
49 
159 
51 

gVn. m. C o n a  

0 02 
0 50 
4 67 
904 
699 
1 63 

28 71 
28 06 
25.30 
30 35 

163 
0 07 
0 01 
0 07 
0 03 
0 79 
0 02 
5 23 

16 56 
92 93 
2 42 
4 88 

1 498 07 
711 94 

14 20 
2 16 
0 78 
028 

10 93 
173 
4 27 
2 69 

m Ivfm.c onc a 
191 32 
27 49 
7 51 

53 20 
14386 67 

17 00 
0 59 
0 50 0 50 
135 
006 

12 78 
0 58 0 58 
0 17 

28 06 
0 05 0 05 

37 83 
400 400 

302.28 
22 os 

125 53 
9 32 

k h l  
000 
0 07 
2 27 
153 
0 82 
0 23 
0 69 
151 
4 69 
4 55 
0 70 
000 
000 
0 01 
000 
0 12 
000 
0 19 
107 
1 05 
0 73 
0 92 

111 86 
75 71 
0.36 
0 49 
0 14 
0 os 
028 
036 
072 
0 59 

l!&W 
97 57 

7 63 
300 

2221 93 
6 10 
034 
0 50 
0 33 
0 01 
4 02 
0 03 
OW 

11 13 
0 03 

18 78 
0 74 

170 12 
7 47 

18 88 
734 

16 a3 

A&um!!a 
-0 02 
-0 01 
2 17 
1 03 

-044 
0 56 
138 
200 
-0 68 
-040 
-0 12 
000 

-0 01 
000 
-0 02 
-0 12 
-0 02 
0 05 
-0 10 
0 70 

-050 
-0 20 

4 1  80 
800 00 
4 02 
-0 01 
0 02 
-0 03 
000 
000 
0 10 
0 10 

Mmrmurn 
15 73 
3 80 
000 
0 89 
125 
200 
Q 05 
0 50 
0 01 
0 01 
0 10 
0 01 
0 01 
0 20 
0 03 
2 50 
0 50 

58 00 
2 78 
100 
3 75 

Maxunumw 
004 PCVL 
050 PCVL 
237 PCYL 
473 PCYL 
240 PCYL 
420 PCVL 
5 0 0  Fcm 

1300 PCyL 
4182 PCyL 
MOO PCYL 

100 PCIh 
001 PCVL 
000 FCYL 
001 Pcm 
001 FCYL 
090 PCVL 
005 PCYL 
0.34 Pcm 
2.30 pcI/L 
140 PCYL 
300 PCYL 
695 FCDL 

68610 FCIL 
75100 PCYL 

180 PCyL 
3.21 FCYL 
090 pcyt 
030 PCYL 
170 PCYL 
182 PCyL 
140 PCm 
2.20 PCYL 

u a x l m u n r u n r t  
243114 Moh 

1450 M G 5  
1529 Moh 
8820 MGJL 

2000000 UGR, 
1600 MG5 
072 M a  
O S 0  M G 5  
2 1 5  MGR. 
010 MGJL 

2040 MGR. 
058 MOh 
042 Moh 

2867 MG5 
005 MG/L 

4800 MG5 
400 MG5 

48600 MG5 
2500 MG5 

40000 MOIL 
860 PH 



Table 2 3-5 Background Summary Statistics for Stream Sedlments 

Analttte Name 

Aluminum 
Antimonv 
b c n i c  
Barium 
Bet-vllium 
Cadmium 
Calcium 
Cesium 
Chromium 
Cobalt 
COPpcr 
Iron 
Lead 
Lithium 
Magnesium 
UanglUleSe 
hkrCUN 
Molvbdcnum 
h'ickel 
Potassium 
Selenium 
Silicon 
Silver 
Sodium 
Stronuum 
Thahurn 
Tin 
Vanadium 
Zinc 

Radionuclides 

halvtc Name 

Zmencium 241 
Cesium 137 
Gross Alpha 
Gross Beta 
Plutonium 238 
Plutonium 239'240 
Radium 226 
Radium 228 
Stronhum 89/90 
Tntium 
Uranium 233j234 
Uranium 235 
Uranium 238 
Uranium Total 

Samole Slze W) 
59 

-9 
i? -- 
-.-I 

;-! 
- t  

C1 
59 
46 
59 
59 
59 
59 
59 
57 
59 
c9 
49 
58 
37 

58 
19 
54 
59 
58 
50 
54 
57 
58 

58 

SZ4mDlC SlZC 

35 
35 
45 
43 
5 
42 
21 
20 
43 
41 
47 
49 
36 
6 

BUTL 1) Max Conc 2) 
21387 27 

i i  68 
:O 13 

253 82 
11 65 
2 55 

18446 12 
442 39 
31 88 
16 43 
36 78 

28 612 98 
138 09 
31 01 

5358 56 
907 35 

0 46 
31 75 
24 16 

3 15974 
2 18 

1 '41 79 
3 11 

593 09 
291 42 

110 
40 57 
63 39 

139 04 

BUTL 1) Max Conc 2) 

I 77 
1 54 

87 54 
66 83 
0 00  
5 62 
2 22 
4 55 
1 07 

1 030 59 
5 29 
0 21 
4 82 
6 57 

Mean 
5 88761 

1 5 5  
2 24 

'4 47 
G 93 
0 72 

3 554 57 
101 77 

825 
5 16 

10 81 
8 852 63 

22 02 
10 01 

1404 18 
229 52 

0 12 
5 48 - 01 

812 50 
0 45 

331 53 
0 86 

161 47 
45 62 
0 34 
9 69 

18 15 
4444 

m 
0 07 
0 26 

22 98 
35 35 
000 
0 17 
0 85 
1 70 
0 21 

155 87 
1 68 
006 
1 40 
I 4 8  

' linimum 

549 00 
080 
0 20 
6 SO 
0 03 
0 13 

93 50 
0 52 

0 29 
0 31 

Io4000 
2 10 
115 

98 50 
900  
0 01 
0 33 
0 65 

57 00 
0 11 

36 70 
0 20 

18 80 
2 80 
0 10 
1 50 
200  
6 10 

o 48 

Uinimum 

-0 01 
-0 03 
2 92 

19 46 
0 00 
0 00 
0 43 
0 52 
-0 60 
23 20 
0 14 
000 
0 13 
0 90 

wy Unit 
15,20000 MGKG 

1875 MGKG 
17 30 MGKG 

24400 MGKG 
2600 MGKG 
310 MGKG 

17 10000 MGKG 
45800 MGKG 
2970 MGKG 
16 65 MOKG 
3670 MGKG 

31 40000 MGKG 
24400 MGKG 
4580 MOKG 

5 850 00 MGKG 
1,28000 MGKG 

050 MGKG 
4580 MGKG 
1560 MGKG 

3 770 00 MGKG 
290 M O  

145000 MGKG 
340  MGKG 

70500 MGKG 
42100 MGKG 

130 M W G  
4 5 8 0  MGKG 
7300 MGKG 

155 00 MGKG 

hfaxtmum 

0 82 
1 50 

72 00 
59 00 
000 
2 36 
1 80 
3 45 
117 

380 00 
4 50 
0 19 
3 82 
260  

- Unit 

PCUG 
PCUG 
PCYG 
PCUG 
PCYG 
PCYG 
PCUG 
PCUG 
PCYG 
PCYL 
PCUG 
PCUG 
PCUG 
PCYG 



Table 2 3-5 (cont ) Background Summary Stat~strcs for Stream Sednents 

Water 0u.Utv P ammtttrq 

Analvte N a  
AlkdIJllrV 

Bicarbonate 
Carbonate 
NitratuNitnte 
Nitnte 
PcTccnt .soil& 

TotrrlAlk8l1~hr 
Tot~i Organw: Carbon 
P H  

SarnDle Sue 

28 
4 
4 
52 
I2 
2 
6 
1 

51 

I i u L u  Masconc. p 
19 839 86 
18 993 76 

16 50 26 50 
57 19 

121 
43 20 43 20 

63 997 31 
2400000 2400000 

934 

MSw 
197044 
1 a4125 

19 87 
7 76 
034 

30 00 
4 470 00 

24400000 
7 26 

lkfuuum 
0 33 

93 00 
000 
0 30 
0 10 
I6 80 

320 00 
2400000 

6 05 

c 



Table 2 3-6 Background Summary Statistics for Seep/Spnng Water 

I 

Analvte Name 

Uuminum I)lssolved 
Aluminum Total 
Xnumonv Dissolved 
lnhmonv Total 
Arsenic Dissolved 
Arsenic Total 
Banum Dissolved 
Banum Total 
Bervllium Dissolved 
Bervllrum Total 
Cadnuum Dissolved 
Cadnuum Total 
Calcium Dissolved 
Calcium Total 
Cesium Dissolved 
Cesium Total 
Chromium Dissolved 
Chromium Total 
Cobalt. Dissolved 
Cobalt. Total 
Copper Dissolved 
Copper Total 
Cvanide Total 
Iron Dissolved 
Iron Total 
Lead Dlssolvcd 
Lead Total 
Lithium Dissolved 
Lithium Total 
Vagnnium Dissolved 
Magnesium Total 
Manganese Dissolved 
\fanganese Total 
Vercun. Dissolved 
bfercurv Total 
Volvbdenum Dissolved 
hiolvbdenum Total 
Nickel Dissolved 
Yickel Total 
Potassium Dissolved 
Potassium Total 
Selenium Dissolved 
Selenium Total 
Silicon Total 
Silver Dissolved 
Silver Total 
Sodium Dissolved 
Sodium Total 
Stronuum Dissolved 
Strontium Total 
Thallium Dissolved 
Thallium Total 
Tin Dissolved 
Tin Total 
Vanadium Dissolved 
Vanadium Total 
Zinc Dissolved 
Zinc Total 

SsrnDle Slze 04) 

43 
48 
30 
34 
35 
# 
47 
54 

38 
27 
33 
50 
53 
31 
33 
28 
40 
31 
35 
41 
'$A 
5 

49 
51 
42 
45 
43 
35 
47 
50 
44 
51 
22 
33 
34 
33 
24 
35 
39 
41 
28 
36 
11 
32 
32 
50 
53 
45 
42 
27 
39 
36 
35 
38 
41 
46 
50 

-7 

137 54 
'66 871 02 

124 08 
411 91 

18 00 
675 73 
105 69 

6252 00 
2 50 

13 86 
2 50 

67 29 
15906439 
500 177 15 

2 500 00 
193679 

13 80 
183 74 
25 00 

346 73 
23 40 

359 20 
72 83 

14 808 10 
1811 483 71 

3 81 
745 05 
94 84 

11802 
23 403 02 
34 488 56 

712 90 
17 658 34 

1 16 
1 30 

104 49 
165 51 
20 00 

438 78 
6 745 G6 

13 071 50 
19 00 
15 64 

23 029 '1 
I 2  50 
97 35 

29 919 38 
27 834 09 
1 749 29 
200906 

500 
5 00 

50 00 
730 54 
25 00 

100288 
82 33 

155636 

18 00 

2 50 

250 

250000 

14 80 

25 00 

1 30 

'0 00 

19 00 

12 50 

5 00 
5 00 

50 00 

25 00 

- Mean 

42 77 
18 115 18 

25 89 
46 68 

1 92 
69 77 
71 95 

913 39 
0 75 
2 81 
1 54 
9 08 

50222 00 
94,329 72 

710 39 
419 98 

3 11 
23 69 
117 

43 39 
6 01 

33 89 
5 95 

1 927 00 
175 074 71 

108 
91 14 
29 46 
29 43 

7 002 07 
10270 60 

127 57 
1 79804 

0 18 
0 17 

33 81 
33 46 
6 28 

50 68 
1389 94 
3.386 23 

2 25 
3 31 

8408 18 
2 54 

10 05 
12297 00 
12 005 80 

481 40 
506 16 

188 
1 4 1  

38 27 
94 03 
5 43 

117 09 
I5 68 

195 22 

Minimum 

9 35 
35 25 
500 
3 75 
0 35 
0 45 

19 05 
23 00 
0 10 
0 25 
0 80 
0 80 

1850000 
18 725 00 

25 00 
25 00 
100 
1 00 
110 
100 
1 I S  
1 IS 
0 75 
0 55 

48 75 
0 05 
0 35 
200 
3 50 

159500 
116500 

0 50 
2 10 
0 05 
0 05 
1 '0 
150 
1 50 
1 50 

127 50 
379 50 

0 40 
0 50 

2290 00 
100 
100 

4 005 00 
280 00 

64 50 
62 25 
0 45 
0 45 
4 65 
4 65 
100 
100 
0 85 
2 50 

%xmurn - ur, t 
10000 UGL 

29300000 UGL 
10400 UGL 
64300 UGR. 

1800 UGL 
103000 UCJL 
21100 UGR. 

707000 UOn, 
250 UG/L 

1400 UGR. 
250 UGL 

6840 UOL 
21600000 UG& 
80300000 UGL 

2,50000 UGL 
2,53000 UGR. 

1480 UGR. 
27500 UGL 
2500 UGR. 

48900 UGL 
2780 UGL 

60700 UG/L 
1700 UGL 

1670000 UGL 
322000000 UGR. 

540 UQR. 
95000 uo/L 
5000 UGR. 

14000 UGR. 
2740000 UGR. 
30.30000 UGL 

76000 UGL 
2770000 UGL 

130 UGL 
130 UGL 

SO00 UGL 
'03 00 UGiZ 
2000 U G L  

64600 UGL 
707300 UG/L 

1350000 UGL 
1900 UGL 
16 50 UGR. 

1270000 UG/L 
1250 UGR. 

14800 UGL 
3520000 UGL 
2610000 UGL 

100000 U G L  
210000 UGL 

500  UG/L 
500 UGL 

5000 UGL 
96900 UGR. 
2500 UGL 

165000 UG/L 
10500 UGL 

268000 UGL 



Table 2 3-6 (cont ) Background Summary Statistics for Seep/Spnng Water 

AnahneNamp 

Ammiurn 241 Total 
&nencium 241 Dissolved 
Cesium 137 Dssolved 
Cesium 137 Total 
Gross AJphs. Dialolved 
Gross A l p k  Total 
Gross &I& Rssolval 
Grws&tr,ToW 
Grwtounmr,DurdVCd 
PlU~Um-239mO Dusdvtd 
Plubruum 239/240 Total 
Rad~um-226 Dissolved 
M u m 2 2 6  Total 
Radium 228 D~ssolved 
M u m 2 2 8  Total 
Stronuum-89/90 Dissolved 
Stronbum-89/90 Total 
Tnbum Bssdved 
Tnbum Total 
uranium-233n34 DMaoivcd 
Ularuum-233R34 Total 
Umium235 Dissolved 
Urpruum-235 Total 
Uranium 238 Dissolved 
Uranium238 Total 
Uranium ToW h u d v e d  
Uraruum-Tow T0t.l 

SamDk sue 
37 
8 
3 
37 
13 
36 
14 
10 
5 

32 
2 
12 
1 
5 

20 
32 
12 
30 
13 
33 
12 
32 
13 
28 
3 
9 

a 

W8tW 0U.litv P ar8nnt e n  

Bicarbonate 
CBDO5 
Carbonate 
Chloride 
CVtUllde 
Dissolved Organic Carbon 
F l U o n d e  
NitntdNmc 
Nitnte 
OilandGrasc 
O~OPhosphate 
Phosphorus 
slllca 
Sodium Nttnk 
Sulfate 
Sulfide 
Total hdvd sdrda 
Total Organ= Cubon 
Total Suspended Solids 
PH 

60 
2 
55 
53 
46 
5 
18 
53 
16 
24 
18 
18 
17 
3 
53 
10 
53 
7 
54 
35 

m M.ax.conc a 
0 08 
176 
4 71 
7 16 

26 09 
340 13 
49 69 
9 74 

12.27 
1 02 
2 85 

242 36 
49 88 
0 70 0 70 

142 53 
2 01 
161 

1 63706 

4 19 
499 
0 72 
031 
3 03 

59 89 
4.23 

4277 76 

4 a9 

IUIu MaX*Conc a 
2 135 32 

20 40 20 40 
20 16 
66 35 
29 21 
24 99 

160 
7 63 
006 OM 
9 49 
0 07 0 07 
354 

51 62 
0 03 0 03 

322 41 
100 100 

813 81 
29 43 

27293 3 1 
864 

Mmn 
0 01 
0 13 
-0 27 
0 58 
2 78 

42 52 
597 
2 15 
109 
0 10 
0 08 
099 
7 72 
0 70 

16 38 
0 52 
0.32 

226.36 
140 35 

0 91 
064 
0 12 
0 02 
060 
064 
190 
0 85 

M€aQ 
321 64 
16 05 
44% 
12 52 
7 11 
500 
0 55 
094 
0 01 
2 45 
002 
0 35 
I7 03 
0 03 

46% 
0 5s 

263 87 
9 01 

2 712 31 
7-22 

MJYlQm 
000 
000 
-0 50 
-0 30 
02s 
-050 
200 
0 30 
-0 13 
000 
000 
0 07 
0 20 
0 70 
1 10 

-0 30 
4.20 

8000 
000 
-0 02 
-0 02 
-0 20 
-0 10 
-0 05 
0 10 
035 

a2 59 

Minlmum 
69 98 
11 70 
000 
200 
1.25 
a00  
0.20 
0 01 
0 01 
0 20 
0 01 
0 03 
0 59 
003 
2 50 
0 50 

18 00 
300 
200 
600 

MwunumM 
010 FCm 
080 PcI/L 
-010 Pcm 
1200 FCm 
1949 PCIh 

44000 PCYL 
39 1s Pcm 
4.30 PCYL 
320 PCYL 
040 pcyt 
100 PCYL 
191 PCYL 

moo0 PCYL 
070 pcyt 
36m PCYL 

100 PCYL 
110 PCYL 

56000 pcyt 
47sm PCYL 

260 PCm 
690 PCVL 
0.30 PCVL 
019 PCVL 
170 FCVL 
593 PCYL 
460 PCYL 
2.30 Pa/L 

Muumumm 
410000 MG/L 

2040 MO/L 
2422 MGiL 

13000 MGiL 
45.20 UGiL 
800 MG/L 
0 %  Mcin 

1100 MGR. 
006 MOn 
780 MG5 
007 MG/L 
340 hdon 

3900 M o h  
003 MGA, 

56000 Moh 
100 MOn 

110000 Moh 
1200 Moh 

4600000 M W  
790 PH 



Table 2 3-7 Background Summary Statistics for Seep/Spnng Sedunents 

Analvte Name 

.Uuminum 
Antlrnonv 
Qsenic 
Banum 
Bervlhum 
Cadmium 
Calcium 
Cesium 
Chromium 
Cobalt 
Copper 
Iron 
Lead 
Lithium 
M a p m u m  
Manganese 
I.lercurv 
Volvbdenum 
Nickel 
Potassium 
Selenium 
Silicon 
Silver 
Sodium 
Strontlum 
Thdhum 
Tin 
Vanadium 
Zinc 

Radroauchdes 

h a l v t e  Name 

Amcncium 24 1 
Cesium 137 
Gross Alpha 
Gross Beta 
Plutonium 238 
Plutonium 2391240 
Radium 226 
Radium 228 
Strontlum 89/w 
Tntium 
Uranium 233l234 
Uranium 235 
Uranium 238 
Uranium Total 

Samulc Sue PQ 
20 
18 
20 
20 
16 
16 
20 
17 
18 
19 
18 
18 
18 
18 
20 
19 
15 
19 
17 
18 
19 
10 
15 
20 
20 
13 
19 
19 
20 

Samde Sue 

13 
13 
15 
14 
3 
I S  
9 
9 
14 
13 
16 
17 
14 
3 

l 2 L ? I u  
29 553 14 

41 04 
67 25 

800 88 
194 
8 52 

80 940 62 
107001 

31 87 
29 81 
61 04 

110 559 63 
126 03 
99 49 

666656 
1,327 33 

155 
92 59 
;23 31 

3 493 61 
5 07 

12 440 63 
10 49 

1,378 24 
466 32 

12 33 
95 16 
82 % 

143 00 

Max Conc 2) Mcan 
10354 30 

8 81 
12 55 

204 61 
113 
1 65 

19 407 50 
260 47 

10 98 
8 47 

18 74 
20 763 89 

36 37 
19 79 

2,249 30 
261 63 

0 23 
I5 77 
12 99 

I 050 72 
1 26 

1 698 70 
2 15 

251 62 
113 70 

1 42 
22 18 
27 63 
56 13 

BUn. 1) Max Conc 

1 46 
3 51 

78 83 
45 76 
0 01 
7 68 
197 
2 88 
2 63 

769 75 
2 39 
0 25 
2 52 

15 87 

ME!!! 
0 05 
0 81 

19 71 
23 73 
000 
0 21 
0 71 
118 
0 35 

198 54 
0 82 
004 
0 73 
1 87 

Minimum 

1 760 00 
1 85 
0 55 

57 00 
0 36 
0 37 

390000 
37 35 
4 20 
0 65 
6 80 

2250 00 
8 10 
3 20 

525 00 
34 90 
006 
1 50 
3 80 

222 00 
0 23 

313 00 
0 48 

70 10 
15 90 
0 13 
3 45 

13 80 
17 30 

Vmimum 

0 00 
0 15 
5 02 

16 37 
000 
000 
0 24 
0 71 
4 20 
50 00 
006  
000 
0 07 
120 

'dtxurnuq 

2160000 MGKG 
3050 MGKG 
4920 MGKG 

70600 MGKG 
300 MGKG 
610 MGKG 

61OOOOO MG/KG 
70200 MGKO 
22SO MGKG 
21 90 MGKG 
4320 MGKG 

85.20000 MGKG 
8030 MGKG 
70.20 MGKG 

4 730 00 MGKG 
97400 MOKG 

130 MOKG 
7020 MOKG 
2990 MGKG 

235000 MGKG 
350 MGKG 

7 10000 MGKO 
680 MGKG 

1365 00 MGKG 
34300 MGKG 

920 MGKG 
7020 MOKG 
6120 MGKG 

11200 MGKG 

Uaxtmum 

0 54 
2 30 

47 60 
32 50 
000 
2 30 
1 10 
160 
173 

540 00 
143 
0 21 
161 
2 30 

- Ufllt 

PCUG 
PCUG 
PCYG 
PCUG 
PCUG 
K V G  
PCUG 
PCUG 
PCVG 
PCm 
PCUG 
PCUG 
PCUG 
PCUG 



Table 2 3-7 (cont ) Background Summary Staustics for Seep/Spnng Sedunents 

Water Oudb Parameters 

Analvte Name Sampk Sue @Q B U n  1) Max. Conc. 21 mkh!!w!! MMlmumm 
Nkalinitv 8 173 110 00 14 192 25 68 00 8100000 MOKG 

17 10 MGKO NitratuNitnte 17 19 89 4 14 O W  
Nitnte 3 37 91 133 040 310 MGKCG 
Perccnt soh& 1 60 70 60 70 60 70 60 70 60 70 Ye 
Total Akdmty 4 19329 11 750.25 MOKO 
PH 18 9 47 7 24 6 10 790 PH 



! i  

Best Available Copy 



Table 2 4 3 1-la Summary of Constttuents ExCeedrng Background 
MSS 115 Stage 3 Surface Sorb 

AndVleS~ s tnu - so of- No of- >0L% s!!db ~~~ 

30 03 q4 13 '40 18400 28.77klonra coppa 
Lud 63 12 34 1 580 12900 2318 M-0 

351 bconto Sllwr 00 (00 43 2 
zmc 97 io 40 5 1 S W  19900 S674 M@KO 

1 0 0  9430 

ss 2 
'6 4 
58 8 
S7 6 
S8 13 

4 19 0 08 001 rwo 
-0 13 0 21 001 pcyo 
032 2.MK)oo SS98 pcuo 
000 67000 13.37- 
O f t  3800000 72320 ecvci 

&#lvte N- 

4 4  D M  
AuIR)N 
A R O C ~ - l Z S 4  
DIELDIUN 
E " S U L F A T E  
ENDrn KETONE 
HEPTACHLQREPOMOE 
VETHOXYCHLOR 

IiwasUmNaofAadnr !!?&&ma 
16 00 s3 1 
800 s1 1 

160 00 49 8 
16 00 SI  1 
16 00 S3 1 
16 00 53 I 
8 0 0  53 1 

8000 s3 1 

slktda 
400 
400 
400 
400 
400 
400 
400 
400 

SItOMur 
21 00 
17 00 

330000 
34 00 
24 00 
36 00 
10 00 

4S0 00 



Table 2 4 3 1 - 1 a (corn ) Summary of Consutuents Exceedmg Background 

halvte Uame 

2 WETHYLUrlPHTHALESE 
\CEVAFW"TH\T. 
ACEY APHTHYLEUE 
L.THRACEVE 
BEYZO(r)ANTHRACE*;E 
BEUZO(r)PYREW 
BEYZo(b)FL~ORA"EVE 
BEVZQ(gIu)PERYL.EVE 
BENZO(k)FLUORA%THENE 
BENZOIC ACID 
B l W  E T W L l E X Y L ) P " i U A E  
B U M .  BENZYL PHTHALATE 
CHRYSEVE 
DI-n-BUIYL PHTHALATE 
DI-n-OCTYL PHTHALATE 
DIBEVZO(ah)A"RACEVE 
DIBEVZOFL%V 
FLL'0RA"ECT. 
FLL'OREVE 
NDEXOfI 2 3sd)PYRE";E 
UAPHTHALElc'E 
PHEVANTHREVE 
PYRENE 

IHSS 115 stage 3 surface Sods 

3etmion L m t  \o  ofhalvws Vo of Detecu 

130 00 

730 00 
730 00 
330 00 
330 00 
330 00 
330 00 
330 00 

160000 
330 00 
730 00 
330 00 
330 00 
330 00 
330 00 
330 00 
330 00 
330 00 
330 00 
330 00 
330 00 
330 00 

;70 00 

2 1  J 

'2 1' 
q2 1 
52 19 
'0 27 
'2 23 
49 21 
31 13 
< l  15 
19 3 
5 2  8 
e 2  1 
31 28 
52 8 
q2 1 
38 ' 
< 2  8 
q2 41 
q2 I5 
M 16 
<2 
52 3s 
31 39 

- 

'32 <O 
'5 00 

165 00 
69 00 
64 00 
73 00 
87 00 
s4 00 
*6 00 

170 00 
66 00 

16s 00 
68 00 
4000 
83 00 
60 00 
49 00 
68 00 
39 00 
52 00 
39 00 
-18 00 

SltC \fax 

12 000 00 
u 000 00 

600 00 
47 000 00 
43 000 00 
41 000 00 

5 500 00 
6 900 00 
' 100 00 

800 00 
16s 00 
220 00 

MOW 00 
200 00 
165 00 - 000 00 

-9 000 00 
140 000 00 
39 000 00 
32 000 00 
41 000 00 

17000000 
5900 12000000 

S i t c A v ~  yg!Q 

40838 UGMG 
105928 UGMG 

17337 UGMO 
1141 95 UolKO 
130839 W G  
I 16495 UWKG 

SI848 UGXG 
498 IO UGMG 
26267 UGKG 
'14 74 UGXO 
154 47 UOIKO 
16606 UGXG 

1,33388 UWKO 
15490 UWKO 
163 42 UGMG 
36339 UGMO 
56355 UGKG 

354164 UGMG 
95226 UGMG 

1 072 84 UGMG 
1 003 70 UGMG 
3 897 29 UG/KO 
307423 UGXG 



Table 2 4 3 1 - 1 b Summary of Constituents Exceedmg Background 
MSS 115 Stage 3 Seep/Spnng Sedtment Samples 

pet6ulOnbegp s o  of- EJ 0 O f D e i e u g  stldkls s!wMs& s!.k&&YIla 

BENZO(.)AKIHRACEYE 330 00 2 1 38 00 16s 00 10150 UmCO 
B I W  E ~ ) P K I " I  330 00 2 1 68 00 16s 00 116w) LWKO 
CHRYSEVE 330 00 2 1 41 00 16s 00 10300 UOtKO 
FLUORAKIHENE 330 00 2 2 9600 97 00 %w) uo/Ko 

PHENANTHRENE 330 00 2 2 76 00 82 00 7900 UCMCO 
PYREM 330 00 - t 7300 97 00 8500 UOlKo 



Table 2 4 3 2-1 Summary of C o ~ a r a r t s  Excadurg Background 
IHSS 1 15 Stage 3 CharactmzaQon Boreholes 

RadioaucUda 

P a t l c l d d C B s  

-we Name 

MOCLOR 12S4 
AROCLOR 1260 
.Ipb.-BHC 

4nn.l\te same 

2 UETHYLYMHTHALESE 
ACEV APHTHEVE 
X\THIUCE'-iE 
BEWZO(a)A\THRACE\i 
BEVZO(a)PYREVE 
BEVZO(b)FLLORA\WNE 
BEWq&)PERYLEVE 
BEN~)FLLORANTHE!VE 
BENZOIC ACID 
BIS(2 ET"EXYL)P"ALATE 
CHRYSENE 
DIBEWo(JI)ANTHRACEIjE 
DIBENZOFIXAN 
F L U O R % " E  
FLUOREYE 
NDEVo(l2Jd)PYRENE 
NAPHTHALEVE 
PE"rTACHLOROPHEV0L 
PHEVA\THREVE 
PHEVOL 
PYREVE 

\fax. conc 2) s o  of halvsea KO of Anrlm~ >BL!TL 

28 1 

28 - 
i3 1 
28 1 
28 2 

\fax. Conc 2) Yo of slnavsea vo O f A M I w a  >BL% 

28 2 
28 5 
28 1 

-- SiteMm Si teHax  

3950 38700 
6 10 6570 
2 90 99 '0 

6460 1'4000 
1160 28400 

S i t e M ~  SiteMq 

-000 0 os 
-000 0 09 
0 S6 3 10 

StteAv& !&& 
103 66 MG/KO 
16 80 McilKO 
1432 McilKO 

22403 M a 0  
53 16 MOR<O 

~~ 

001 Pcyo 
001  Pcyo 
117 K!yO 

No ofDctcds S ~ t e U a  SI&M& S~tcAvp Detection Lurut Vo of eulvsa 

160 00 28 5 80 00 870 00 156 07 UcilKO 
80 00 1$00 00 166.43 -0 160 00 28 3 

8 0 0  28 1 400 1s 00 439 ualco 

330 00 
330 00 
330 00 
330 00 
330 00 
330 00 
330 00 
330 00 

160000 
330 00 
330 00 
330 00 
330 00 
330 00 
330 00 
330 00 
330 00 

I 60000 
330 00 
330 00 
330 00 

28 4 
28 5 

28 5 
28 
:8 5 
28 6 
28 S 
28 5 
26 7 
28 4 
28 7 
28 S 
28 4 
28 6 
28 5 
28 5 
28 4 

28 I 
28 6 
28 4 
28 7 

- 
Site Vm 

96 00 
92 00 

14000 
4400 
-17 00 
81 00 

165 00 
120 00 
110 00 
61 00 
52 00 
53 00 

150 00 
75 00 
86 00 

165 00 
165 00 
160 00 
165 00 
53 00 
73 00 

Site Max. 

230 00 
680 00 
940 00 

1 300 00 
1 300 00 
I <oooo 

680 00 
670 00 
800 00 
165 00 

140000 
2'0 00 
290 00 

3 300 00 
610 00 
930 00 
820 00 
800 00 

3 500 00 
16s 00 

2 500 00 

SiteAv& 

16486 UG/KO 
21846 U m O  
24732 UcilKO 
279% UCXO 
276 14 Uo/KO 
291 46 UcilKO 
22661 UO/KO 
20804 U N O  
64592 UGXO 
15061 UGXO 
28882 umo 
16564 UG/KO 
17357 u m o  
52482 UCXO 
211 11 u m o  
249 11 UQ/KO 
21750 U m O  
77714 UGXO 
J7036 UGKG 
IS264 UGXG 
44064 uan<o 



Table 2 4 3 2-1 (cont ) Summary of Cons~tuents Excetdmg Background 
MSS 1 15 Stage Charactenzstrm Boreholes 

4ndvte N u y  

2 EUTANONE 
ACETONE 
GlETHYLENECHLoRIIlE 
TETRACHLOROETHENE 
TOLUENE 
TRICHIBROE7XENE 

DematonLur\U vo of; \ndm No OfDcteCQ site Ma S i t e M q  Site Avg, J& 

10 00 46 3 ‘00 69 00 6U wifl(0 
IO 00 59 J 500 3700 671  uoR<o 
500 71 16 100 38 00 354 UrVKo 

4 200 900 265 -0 500 71 
500 71 50 100 220 00 21.22 wM<o 
500 71 3 200  3 0 0  249 UZllKo 



Table 2 4 3 3- 1 Summarv of Constituents Exceedmg Background 
MSS 115 Stage 3 Sod Gas Boreholes 

BLTL !) 

117 
'5 30 
12 43 

45 421 42 
:- 29 
67 60 
59 05 

' < * 9 7  

'lax Conc 2) \o of Analwa 
.-# 
17 
17 
16 
3 

67 60 16 .- 
* -  

sire \h. 

0 qo 

440  
2 so 

7 400 00 
1 1  80 
0 99 
4 00 

'700  

site Max. 

2 30 
165 00 
-49 00 

49 500 00 
80 20 

190 00 
11800 
548 00 

Site A m  

087 MWKO 
2593 MWKO 
9466 MWKO 

1754438 MOlKO 
3697 MOlKO 
2528 MWKO 
2938 MOlKO 

156 82 MG/KO 

R adioo uclidu 

4nalvte Y m e  BLTL 1)  \fax. Conc 2) Yo of ~ I \ v I  Vo of Analvsa > B L !  SiteMur S i teMq  Site Avg 

3 -000 046  005 PCVO 
037  PCUO 0 00 3 20 

-4mmaum241 0 02 13 
P l ~ l I m - 2 3 9 / 2 4 0  i 02 13 
L'rarUum233n34 j :< 13 3 72 30 00 483 X U 0  

030  PCUO Lnnlum-235 :- 1.4 13 4 3 03 2 30 
Lruuum238 1 73 13 4 I10 12 00 285 PCUO 

- 

D C t t m m ~  No o f M -  Noof- SitcMw SiteMax. 4sWuELQ 
ARUCLOR 12S4 160 00 12 3 80 00 860 00 1 s 5 m  van<o 
HEPTACHLOR Emxm 8 0 0  14 1 400 1 1  00 4 5 0  uM<O 



Table 2 4 3 3- 1 (cont ) Summary of Constituents Exccdng Background 
IHSS 115 Stage 3 Sod Gas Boreholes 

h l v u  N a  

2 METHYL...APHTHALEVE 
XENAPHIHENE 
A"RACEVE 
BENzo(.)A"lUCENE 
B E N ~ a ) A " R A C E N E  
BENZO(riPYRENE 
BENZ0fa)PYRENE 
B E N Z ~ ) F L U O R A " E " J  
BENZO(b)FLIJORA"ENE 
BENZ0fgtu)PERYLENE 
BENZO(gtu)PERYLEVE 
BENZO&)FLUORA"ENE 
BENZo(L;)FLWRANTHENE 
BENZOIC ACID 
BIW ET"EXYL)PHTHALATE 
B U M  BEVZYL PHTHALATE 
CHRYSEVE 
CHRYSE\.Z 
DI-rrBLTYL PHTHALATE 
DlBENZO(rb)ANTHRACEYE 
DCBENZO" 
FUKlRANIHENE 
FUl0R"E  
FL.UOREh% 
INDENqI 234)PYRENE 
ISOPHOROVE 
V A P H T H U V E  
PHENAMHRENE 
P H E N A N i E  
PYREVE 
PYREVE 

VolaNt O m n l q  

r\culvtc N m  

1 1 1 TRICHTDROETHANE 
2 BUTAVOVE 
+METHYL2 PENTANONE 
ACETONE 
MrnYLEVECHLQRIDE 
TETRACHIDROETHENE 
TOLLEM 
TRJCHLOROETHENE 

330 00 
330 00 
330 00 
1000 
330 00 
10 00 

330 00 
10 00 
330 00 
10 00 
330 00 

10 00 
330 00 
160000 
330 OB 
330 00 

1000 
330 00 
330 00 
330 00 
330 00 

1000 
330.00 
330 00 
330 00 
330 00 
330 00 

10 00 
330 00 

10 00 
330 00 

13 2 
13 < 
13 5 
13 1 
13 5 
13 I 
13 5 
13 1 
13 5 
13 I 
13 4 
13 1 
13 5 
13 2 
13 4 
13 1 
13 1 
13 S 
13 2 
13 1 
13 2 
13 2 
13 7 
13 5 
13 3 
13 1 
13 2 
13 2 

13 2 
13 7 

13 a 

5 0  29 
1000 29 
10 00 28 

500 29 
500 29 
SO0 29 
500 29 

1000 ia 

s&Mlu 
500 
500 
500 
500 
500 
500 
500 
500 
500 
500 
500 
500 
500 

2s 00 
5 0 0  
5 0 0  
500 
SO0 
500 
500 
500 
500 
5 0 0  
500 
S-00 
5 0 0  
SO0 
500 
so0 
500  
500 

SLkMmZ 
2.00 
500 
200  
5 0 0  
2 10 
200 
2 50 
100 

Site Mag, 

390 00 
930 00 

150000 
1300 00 
110000 
IJoo00 
l M o 0 0  
I s0000 
1IK)oOo 

470 00 
470 00 
620 00 
620 00 

290 00 
16s 00 

I50000 
1 50000 
300 00 
165 00 
s80 00 

3300 00 
350000 
1OOOOO 

S50 00 
165 00 

120000 
4 10000 
4 100 00 
300800 
300000 

aoo 00 

Site M q  
2 50 
700 
5 00 

250 00 
14 00 

250 00 
400 

ll000 

SlttAVrm 
135s oofl<o 
16954 UcVKo 
2331s UQRlO 
30962 WMEO 
30962 UOlKo 
27448 W&O 
37401 u<M(Q 
3376s UORlQ 
3376s UOllcQ 
14977 UOIKQ 
I4977 uan<O 
191m UOlKo 
191% UOlKo 
50962 uM<O 
11400 UOlKO 
12069 UOlKO 
32546 von<o 
32346 UcVKo 
133 08 UWKG 
12692 -0 
l S 1 a o  Llculco 
6S7S UWO 
6S7.92 von<O 
171% -0 
IS138 WVXO 
12169 UOlKO 
200ts UOlKo 
63469 UOlKo 
63469 uo/Ko 
s s t s  wmo 
S9185 UOlKO 

U U u B  
248  uon<o 
5 0 7  uo/Kff 

489 W G  
2336 UCMCG 
290 uo/Ko 
1862 UOlKO 
257 von<o 
790 uo/Ko 

P 



Table 2 4 3 3-2 Summary of Constltuents Exceedmg Background 

I 
I 

39O 

MSS 115 Stage 3 Soil Gas Hydropunch 

Radionuclides 

Volatile O ~ O M  

TETRACHLOROEIHEVE 

EL‘lt :) 

- 642 33 
‘ 93 

-38 14 
4 80 

11 10 
128 816 15 

: 58 
‘9 40 
.9 12 

11 654 J3 
’47 3’ 

’8 8J4 11 
331 64 

22 
3? 68 

1 65 
48 399 65 
?W 25 

4.6 64 
1‘3 21 

BUTL 1) 

221 31 

‘fax. Conc 2) \o o i h l v w s  Vo of halvwr 2BCTL 

1 1 
1 1 
1 1 

4 80 1 1 
11 10 1 1 

1 1 
I 1 

.9 40 1 1 
1 1 
1 1 
I 1 
1 1 
1 1 
1 1 
1 1 
1 1 
I 1 
1 1 
I 1 
1 I 

S a  Sitchiax. SiteAvq. 

34300000 34300000 34300000 U o h  
‘ 3 0  7 3 0  730  U o h  

471000 171000  471000 uoh 
‘8 60 ‘8 60 5860 uoh 
67 SO 6750 67SO Uoh 

52200000 62200000 62200000 Van. 
‘6300 ‘6300 J6300 uoh 
63600 60600 60600 U a h  

346000 346000 3 4 6 0 0 0  U a h  
‘37000 00 537 000 00 537000 00 Uoh 

20700 20700 20700 U a h  
11800000 11800000 118o0000 urn 
37 100 00 37 100 00 37 100 00 uoh 

8 4  8 40 840  uoh 
I160oO 116000 116000 UQR. 

6090000 6090000 6090000 UGL 
10700000 10700000 10700000 U o h  

2 750 00 2 -<O 00 2 75000 UOn 
112000 112000 1 I2000 UGR. 

41 300 00 41 30000 41 30000 UGlL 

SitcMin. SiteMax S i t e A ~ ,  

29000 29000 29000 FCUL 

Detection Lunn No ofDetects SiteM& S i t e c l y  

‘00  1 1 16 00 16 00 1600 U G 5  



I !I 
'I 

37' 



'- 
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Table 2 4 3  4-2 
Woman Creek D m ~ g e  OUS-FSP-Related 

Surface-Water and Sediment Monitonng-Site Descnptions 

surface water Sedunent Programmaac Site Mmm Runoff from Thest - Site” - Slte” Dnverts)” OU5 IHSSs 

SW107 SED016 B C D  Upsueam from OU5 

sw040 BC 133 1 1334 133 5 133 6 

SW127 SED127 B C 9  upsueam from ous 
swo41 SED017 BC Surface Dtsapbance south of Ash Ru 

sw506 SED506 BC 133 1 1333 133 4 133 5 133 6 Surf;rce 
D ~ S o u t h o f A s h R t s  

sw50293 B Surface Dmmbamz South of Ash Ru 

SW50193 B 115 

SW033 B C  115 133 1 1332 133 3 133 4 133 5 1336 1% 
Surfxe D~sturbnce South of Ash Rts 

swo34 BC Vone 

SW50l 

SW-CI 

swm 

SED50 1 

SED508’’ 
SED5W’ 
SED5 le’ 

SED027 

BC same as swo33 

BE 115 133 1 1332 1333 133 4 133 5 133.6, 
142 10 1% SE-1601.2 Surface Dlsaab9nce solnh 
OfAshRtP s ~ ~ w e s t o f I H s s 2 o 9  

BC same as s w a  
IHSS209 B 209 

SW55 193 B 209 

sw507 SED507 BC 1 I5 

sw500 B None 

SW027 SED025 A B  115 SE 1600 SE 1601 I Surface Disturbance East 

s w a  SED5 11’) BES 142 11 (except dunng 1W-y flood or larger when 

of Landtill 

SED512’ ail MsSs conrnbutc) 
SED513” 

swm SEW24 BC AU IHSSs in OU5 (except 142 11 unless Pond C 2 
1s d=h=wg) 

1) 
3 

Locanons an shown on Fi-rn 2 4  3 4-1 
AKnaCaI stanon for support of NPDES related ~ctlvfucs B=Opcrable unrt RUFS and WCMS COGenaal 
site charamsmaon under DOE orda 5400 1 DPStonn-ev~lt momtomg under W E  Order 5400 1 
E=Federal Facthty Complrance Agreement (FFCA) F=Agrcemcnt in Pnnclple (AP) 

3) 5ftfKnnmkttopond 
4) Md-pOrnr Of pond 
5) DeepesrPmtofpond 

Adapted from EG&G (1991f Table 4) 

File T2434-2.WP1 



X X 

= 
t la i  x x x x x x x x x x x  X X X X  

o!g L. 
E. 

P I C  
x x x  n u x  

X 

f x x x x x x x x x x x  x x x x  - 

I 

x b l x x x x x  ..I 
!3 

] i  
- -  n "  

x x x x x x x x x x x x x x x x x  x x x x x x x  

x x x x x x x  

X X 

- -  " "  
x x x x x x x x x x x x x x x x x  

^ ^  " "  
x x x x x x x x x x x x x x x x x  

- -  
n . .  

x x x x x x x x x x x x x x x x x  x x x x x x x  

x x x x x x x x x x x  x x x x  

x x x x x x x  x x x x x x x x x x x  x x x x  

x * x x x x x  

x x x x x x x  

x x x x x x x x x x x x x x x x x  

x x * x x x x x x x x x x x x x x  



Table 2 4 3  4 4  
OU5 - FSP-Related Sampbhventory Summary 

welds - 
i - 

1 

2 
2 

.. 
2 

* 
2 

1 
I 

1 
2 

* 

1 
+ 
+ 

+ 

I 
+ 

+ 
I 

woourl 
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SED016 
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SEDSOI 
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Table 2 4 3 4-5 Summary of Constituents Exceedmg Background 
M S S  115 Stage 3 Surface Water 

BUTL 1) 

127 74 
138 1 1  

'0 358 44 
4946466 

560 62 
f 926 75 

7 36 
9 800 47 
9 812 6J 

139 22 
3 583 92 
4 16709 

14 096 80 
33 817 24 

'fax conc 2) KO of ~ v s e s  y o  of h a h c s  > B L 7 l  

'6 5 

'6 12 
'6 '3 
26 1 
'6 1 
26 1 
'6 io 
-6 10 
-6 1 
26 2 
'6 2 
'6 2 
26 1 

6 ' 

Slte uur 

'8 10 
38 30 

16 100 00 
16 400 00 

50 00 
5 0  00 

I 00 
4 12000 
421000 

110 
601 00 
843 00 

6 13000 
6 000 00 

Slte Max. 

' 60 00 
187 00 

'9 700 00 
80 700 00 
3 18000 

I 1  200 00 
9 so 

22 900 00 
23 000 00 

275 00 
5 5 4 0 0 0  
* 380 00 

43 200 00 
41 230 00 

SiteAvp, 

9043 uG/L 
9379 UWL 

JJ 58462 uoh 
4S 50385 U o h  

19721 uoh 
66066 U o h  

177 uoh 
9 89404 U o h  
9906J4 uG/L 

2771 Lioh 
177727 uoh 
181877 uoh 

2136769 UQR. 
2 1 3 0 3 8  UOlL 

Radionuclides 

A1~1mum-241 Total 0 02 
Pluton1um239/240 Total 0 02 
c ~ ~ m z 3 3 n 3 4  T ~ U I  2 16 
Cmum-238 T0t.l I 73 

Water Ouabtv Parametem 

r\rulvte Vune 

Cvbaurc 
ChlOndc 
Dlsrolved G g m c  cubon 
FlUOIlde 

sulfate 
Total Dissolved Solids 
Total Orguuc Gutm 

BL'lZ 1) 

7 s1 
*3 20 
I7 00 
0 59 

2-  83 
302 28 
22 05 

9 3 

23 1 
25 2 
25 3 

-0 00 0 38 0 0 3  PCVL 
-0 07 0 0 3  900 PCVL 
0 03 4 67 110 PCVL 
0 00 7 00 114 PCYL 

Siu Uin 

0 30 
I 00 
3 GO 

? <o 
87 00 

2 GO 

a 20 

Slte UmL 

-44 00 
63 00 
23 00 
0 70 
47 00 

380 00 
41 00 

s114AvLm 
339 MCih 

3167 MGK. 
807 MG/L 
044 MGL 

2527 MGK. 
22469 MGL  

6 5 8  M O n  

Semi-Volatile Omnia 

XrulvteVsmC &tectlonLurut \o ofXnalvsa Uo ofDetccu SiteMm Site hlur SiteAvk !,&&E 

BENZOIC ACID 30 00 2s 1 15 SO 2s O0 2462 UGR. 
PENTACHLOROPKEVOL 50 00 2s 1 SO0 23 00 2420 UOK. 

Volatllr Omnia 

YO ofDetecu S m  SiteUa. SiteAvp, ~ a c V l U n 0  Decmion Lunrt Yo of Analvrer 

U m M E V E  CHLORIDE 500 26 1 2 so 3 50 2 5 4  UWL 



Tabk 2 4 3 4-6 Summary of Constments Exceeding Background 
MSS 115 stage3 scdtmenn 

!uul 
253 ai 

2 55 
18446 12 

36 78 
046 
3 11 

139 04 

XfaLC4nc 2) No of- yo. of > 

' 4  1 
12 I 
14 2 
14 1 
14 7 
12 I 
5 2 

Water Oualitv Paruman 

s&MUh 

26 60 
0 50 

1 430oO 
2 50 
0 05 
I 0 0  

4460 

sl!!&w 

262 00 
2 80 

47 700 00 
135 50 
3 os 
7 70 

201 00 

SlteAvrUQdi 
132% M<M(CI 

086 MaRLo 
11 493S7 MQRlo 

2428 MOKO 
067 M W  
1% MOR(0 

108.80 LMRCO 

4cdYwmf Qs&sum No.ofA4hsa k!Qdm!a u sl!cM& SrtrAVrm 
BENZOIC ACID 160000 5 4 190 00 80000 41000 Uonto 
D I + E m  PHTHALAE 330 00 4 I 11000 16s 00 1512s uan<a 
FLU0RA"ENE 330 00 4 1 14000 197 SO 1668s 
PHENOL 330 00 4 1 1so 00 16s 00 16123 UOlKo 



Table 2 1 1  1-1 Summan or CPT Data 

CPT I State Piane Coordinates 
Location I 

05293 

05393 737701 8 2082753 1 

05493 747669 3 2082654 3 

05593 747593 6 2082506 6 

05693 7375% 5 '2082436 0 

05793 1 7476235 1 2082351 0 

05893 I 7476183 I 20822514 

05993 747586 8 2082153 1 

06093 747639 8 2082059 0 

06193 747654 1 2081953 3 

06293 747675 1 2081860 8 2:: I 747694 8 1 2081765 1 

747695 9 2081647 8 

06593 I 717704 0 1 $081543 5 

06693 747683 3 1,081448 9 

06793 747619 0 2081314 2 

06893 747604 2 208 1226 6 

06993 7475% 2 2081 148 1 

07093 747705 2 I 2081063 8 

07193 747702 0 2080928 5 

07293 747700 7 2080862 5 +-t- 747699 4 2080727 9 07393 

I Depth to 1 Vumberof 1 i;; 1 Depthto Ground 
Surface 

Elevation I ! Bedrock Attempts Wuer 

59937 I 167 I 1 I 189 I 05 

59552 I 8 2  I 
59596 I 5 9  1 1 I 9 0  I VE 

59602 I 7 2  I 1 I 156 I WE 

5945 6 16 7 5 17 9 NE 
I 

59504 I 9 8  I 1 I 139 I NE 

5955 8 17 1 1 18 9 YE 

5949 3 2 6  1 4 1  NE 

5945 8 15 7 1 21 3 183 

5959 9 20 0 1 23 6 4 4  

5967 9 NE 3* 27 9 8 3  

5968 7 22 0 1 24 9 VE 

5971 5 17 1 1 21 3 YE 

5979 1 21 3 2 22 9 VE 
~ ~- ~~ 

59824 I 13 1 1 I 194 % 

5991 3 16 4 2 18 0 NE 

5983 3 20  1 3 3  VE 

5990 7 10 8 1 13 1 6 1  

5993 8 1 0  1 2 8  % 

60063 VE 1 9 8  PBNM 

6022 0 NE 3* 11 3 4 7  

6026 7 NE 3* 5 6  hTE 

6023 7 29 2 2 31 2 14 2 

ll \iE = not encountered 
PBNM = preset but not measurable (stauc) 
* = refusal before encountenng bedrock 



Table 2 4 4 2-1 Analysis Parameters, Sequence of Cokuon, and 
Order of Pnmty for Groundwater Sampks 

Parameter in order of prima 

Ratbanon Screening 

HSLVOCs 2 - 4 0 m l  

Dissolved Umum-233/234, Umum-235, and Uran~m-238 100 ml* 

Amenaum-241 1 L  

Plutonlllm-239/240 1 L  

Field Test Parameters 

6 oz (180 mi) 

Ph, Conducuwty, and Temperame 

Dissolved Metals - U P  w/ Cs, Li, Sr, Sn, Mo, SI 
35 ml 

1 L* 

1 L (lo00 ml) BNA (Base Neutral Acid) 

Pesucides / PCB 1L 
Dnsolvcd k s s  Alpha and Gross Beta 

.3H loo ml 
TSS (Total Suspended Soh&) 

550 ml* 

125 ml 

125 ml TOC (Total Organic Carbon) 

COD (Chemical Oxygen Demand) 125 mi 
Orthophosphate (filtered) 250 ml* 

Nitrate / Nitnte as N 250 ml 

Dissolved StrontiurII-89/90 700 ml* 
Dissolved Rad1um-226/228 750 ml* 

TDS, Cl, F, SO,, C03, HC03 

c* 1L 
1L 

Dissolved Cesium- 137 2 5 L (2500 ml)* 

= on site filtered sample (0 45 rmcromefcT filter) 



TABLE 2 3 4 2-2 Summary of MSS 115 weu Point Informaaon 

YO S M P L E .  INSUFFICIENT WATER I( 59893 I 
I YES I PARTUL I "40 SAMPLE. INSUFFICIENT WATER II 59993 

YES I VO SAMPLE INSUFFICIENT WATER 

50193 VOSAMPLE DRY 

50293 / Y E S  YES 

I 60393 VO SAMPLE. DRY 
60493 YES NO SAMPLE, INSUFFICIENT WATER 

NO SAMPLE. INSUFFICIENT WATER 

1 60693 I YES 1 YO SAMPLE. INSUFFICIENT WATER 
I 60793 VO SAMPLE. DRY 

60593 I YEs 

I YES I YES I NO SAMPLE INSUFFICIENT WATER 
VOSAMPLE DRY 

61093' YES YES YES YES I Y E s (  YES 
YES YES NO SAMPLE INSUFFICE" WATER 62793.' 

62893'. YES YES NO SAMPLE. INSUFFICE" WATER 

Installed I sod gas anomaly as dlswsed m Section 2 4 3 3  
Installed as part of a seeps and spnngs study bang conducted by ECBG 
Installed as replacement for mmtonng well due to ovcrhead powaimes (Section 
2443) 
Well pomu numben 60993 61093 and 63193 are consaucted of 0 5 mch PVC 

'* 
*** 

Vote 



Table 2 4 4 2-3a Summary of Constxtucnts Exceedrng Background 
ms 115 stage 4 wdl Polntr 

Radioauclidu 

-LulvtcNw 

ACETONE 

1 29 
115 

.. 
L 2 
1 1 

390 440 41s Pcyz 
I 50 150 1 %  rcn 



Table 2 4 4 2-3b Summary of Constituents Exceedmg Background 
M S S  1 15 Stage 4 Sod Gas Wells 

Calmurn Toul i28 816 15 
L h u m  i o d  11-37 
Uqescum Tatal 8854 1 1  
\ickeL Total :2 68 
Strontium Toul 944 2' 

1 41600000 41600000 41600000 UG/L 
1 -'SO0 -"OO 27s 00 UGL 
i ' '300000 11300000 11300000 UGL 
I 10100 '01 00 10100 U o n  
1 2'7500 Z'7SOO 257s00 uon 

Water Oualrtv Panmeten 

Vniatile Omnia 

WMC h;me 

1 1 1 TRICHLOROEmYE 
1 1 DICHLOROETHEYE 
1 2 DICIUOROETHENE 
TETRACHLOROETHENE 
TRICIUOROETHENE 

SltCMUL slrcuq ~~ 
D..3cctlonL~ vo O f D a c a r  

' 00 1 1 4000 JO oa 4000 UGL 
5 00 1 1 32 50 32 50 32SO UG/L 
5 00 1 1 300 300 3 0 0  WM. 
500 1 I 300 3 00 3 0 0  uoh 
SO0 I 1 1so 00 150 00 l J O 0 0  uoh 



Table 2 4 4 2-3c Summary of Consatuents Exceeding Background 
IHSS 115 Stage 4 Seep/Spnng Well Points 

iwsd!hS 
I 1 1 7RICNU)ROET"E 
1 I DSCSilBRQETHE\E 
13 DICHIBROETHENE 
ACETONE 
TETRACHLOROElliENE 
TRXCHIDROETHEVE 

Deteatpabau! Y o . o f a  J4 0. of DeWQ slkhh sw4aL SltrAnuIdl 
' 0 0  2 1 2 0 0  2 50 zuuoh 
' OD * 1 2 so 400 3 2 s  UCYL 
500 2 1 2 so 400 3.2s uoh 

10 00 1 1 65 00 65 00 6S00 uoh 
s 00 2 1 2 so 28 00 1s2s uod 

2 so 700 47s uod 5 0 0  2 I 

.) 

P 



Table 2 4 4 3-1 Summary of Constrtuents Exceedmg Background 
MSS 1 15 Stage 4 Momtonng Well Boreholes 

Radionuclides 

PesticiddPCBs 

BLTL 11 
'6 30 
42 13 

1 014 41 
59 05 
34 39 
lS5 97 

B L n  1) 

0 02 

U M C  Nlunc 

2 MXHYLFIAPHTHALE.c'E 
ACENAPHTHENE 
4CEVAPHlXY L E W  
4 " R 4 C E \ T  
BENZO(a)A"JTHRACEYE 
BEVZqa )PYREYE 
BEYZO@)FL.CORA\TIiEVE 
BENZO(ghr)PERYLEYE 
BEVZO(lc)FL.CORANTHENE 
BEVZOIC ACID 
BIS(2 ETHYLHEXYL)PHTHrUATE 
BUTYL BEYZYL P W T E  
CHRYSENE 
DIBEYZO(~I)A"RACENE 
DIBENZORIRAN 
FLUORANTHENE 
FLUORENE 
N D E Y q I  23cd)PYRENE 
NAP"WNE 
PHEVA!!REh;E 
PYREYE 

' lax Conc 21 KO of balm Yo of W v s a  >BLTL 

'5 1 
-6 - 
6 1 

'6 
-5 1 
'6 1 

_. & 

'faXConc 21 vo of4rulvJa So- 

3 2 

Detecum Lunn KO of Andvrer vo of Dctecu 

'60 00 19 1 

Detearonbt  No. of Detecy 

330 00 
330 00 
330 00 
330 00 
330 00 
330 00 
330 00 
330 00 
330 00 

160000 
330 00 
330 00 
330 00 
330 00 
330 00 
330 00 
330 00 
330 00 
330 00 
330 00 
330 00 

19 2 
19 3 
19 2 
19 3 
19 3 
'9 3 
i9 3 
i9 3 
19 3 
19 3 
19 3 
19 1 
19 3 
19 3 
19 3 
19 4 
19 3 
19 3 
19 2 
19 4 
19 4 

a S1teHa.x 

440 -- 30 
_I 50 6 9 2 0 0 0  
4070 128000 - qo 91 70 

100 3600 
23 40 67300 

Siu Mia Site \far 

0 01 0 07 

Site M q  

80 00 

Slte 

16s 00 
16s 00 
47 00 

16s 00 
16s 00 
16s 00 
16s 00 
16s 00 
16s 00 
42 00 
5s  00 

165 00 
16s 00 
16s 00 
I 4 0  00 
112 so 
165 00 
16s 00 
165 00 
107 SO 
104 00 

Slte M u  

630 00 

s&M& 
380 00 

1 2 0 0 0 0  
16s 00 

180000 
3 70000 
3 80000 
J JOOOO 
1 J0000  
140000 

800 00 
16s 00 
360 00 

3 80000 
C g O  00 
J60 00 

8 50000 
1 10000 
200000 

860 00 
' 0 0 0 0 0  
660000 

Site Avp 

1362 MWKO 
28318 MQ/KO 
276 16 MGXO 
21 25 MQ/KO 
291 M W O  

7622 MWKO 

SlteAvcUOdl 
0 0 s  PCYO 

s!bb%m 
179.08 U r n 0  
2S6.84 van<a 
15433 UGXO 
36368 U@KO 

51119s UQ/KU 
60163 UWKO 
29026 UCXG 
305S3 von<o 
6820s UCXO 
14821 UCXO 
17s 26 UGKU 
52289 UGIKO 
19S39 UWKU 
188 95 UCUKO 

100987 UG/KO 
27474 UWKO 
31921 UG/KO 
21S39 UUXO 
9S961 Uon<O 
83047 UGXG 

~ 2 ~ 9 5  UO/KO 



Table 2 4 4 3- 1 (cont ) Summary of Constrtueats Exceedrng Background 
IHSS 1 15 Stage 4 Momtormg WeU Boreholes 

Volrtllr Orzrnwq 

Lulvte \ m e  

2 BUTA\OVE 
ACETONE 
UET"ECHLORIDE 
TETRACHLOROETHENE 
TOLUENE 
IRICHLBROETHENE 

DeWClWl L a  yo of.4lUlvra VO O f I M e q  S i t c M a  S ~ b M a q  SitoA- 

10 00 46 4 200 600 4 8 7  uanto 
10 00 46 38 500 8s 00 3113 uo/Ko 
500 46 12 2 50 13 00 426 UOKG 
500 46 2 100 2 so 2 4 6  UORlo 
5 0 0  46 a 2 0 0  loo 00 IS23  UOKG 
500 46 1 100 2 so 2.47 ucI/Ko 

-- 



Locatton 

59493 

59593 

61293 
63 193 

TABLE 2 4.43-2 
IFfSS 115 MONlTORING WELL BOREHOLE SOIL SAMPLES 
SEMI-VOLATILE CONSTITUENTS D E T E m  BY SAMPLE 

Sample 
Yurnber 

BH50520AS 
BH5052 1AS 
BH50522AS 
BH50552AS 
BH50553AS 
BH50505AS 
BH50617AS 
BH50618AS 

Sample 
TVpc 

BH (Sod) 
BH (Sod) 
BH (Sod) 
BH (Sod) 
BH (Sod) 
BH (Sod) 
BH (Sod) 
BH (Sod) 

Sample 
Depth ( f t )  

0 0 6 3  
6 9  129 
129 166 
00-50 
60-110 
6 0  106 
6 0  120 
E O  200 

I-I-Jun 93 
14-Jun 93 
IlJun 93 

15 Jun 93 
12 Jun 93 
22 Jun 93 
22 Jun 93 

15-JWI 93 

17 47 18 
17 140 140 
16 84 8500 
5 104 424 

12 360 3 
2 55 68 
1 165 
1 165 

ISGWBSVE WK1 Shea A 



Locauon 

"93 

9293 

s3-393 

9393 

C9'93 

<3193 

61293 

63193 

soolpk 
hmbu 

3Hs0463As 
BHSO464AS 

B W S I A S  
BHSO465AS 
B-AS 
B " 1 A S  
BHXM68AS 
BHSO52AAS 
BHSOSZSAS 
BH50526AS 
BH50527A.9 
BH50528AS 
BH50529AS 
BH50540AS 
BHSOYIAS 
BHMY2AS 
B H50543As 
BHSOSUAS 
B H50545AS 
BH- 
BH50WA.9 
BH5W9OAS 
BHS0091AS 
BHSW92AS 
BHSO493AS 
BH50508AS 
BH40509AS 
BHSOSlOAS 
BHS(#llAS 
BHw#aDAs 
BHS0621AS 
B W 2 2 A S  
BH50623AS 
BHSO620AS 
B")62SAS 
B")626AS 
BHS0627AS 
BH50628AS 
BHXM29AS 

a w m s  

sample 
TlEL 

3H 
2ii 
3H 
BH 
3H 
3 H  
BH 
BH 
BH 
3H 
aH 
aH 
BH 
3H 
9H 
3 H  
BH 
3H 
9Y 
3H 
BH 
9H 
BH 
3 H  
BH 
BH 
BH 
BH 
BH 
BH 
BH 
BH 
BH 
BH 
i3H 
SH 
9H 
3H 
3 i-I 
3H 

SMlple 
Deuul rft) 

C C < 6  
--:a0 
'3.5 138 
ld 2 18 5 
055 12 
...-< 3 0  

15-54 
7 7e-8 0 
075 10 
6 05-6 3 
8 6 5 8 9  

1265-129 
13 95 14 2 
1635 166 

2 - v  so  
6 9 5 7 2  
9 3 5 9 6  

1085 11 1 
I S  95 16 2 
0 8 5 1 1  
2 9 5 3 2  
6 2 5 6 5  

10 55 IO 8 
I505 153 

0 9-20 
3 3s-3.6 
5.254 5 
705-73 
1 5 2 0  
3 5 4 0  
55-60 

Y 5 100 
1 1  5 120 
1'5 140 
155 16.0 
1'5 180 
9 5 2 0 0  

~ 7 ~ 1 0  

8 2 5 8 7  

i s a o  

s.nslr - D8W 

3'9-Juri-93 
09-Jun-93 
04-Jun-93 
WJUA-33 
'0 Jlm-93 
'0-Jlm-93 
10-Jm-93 
10-Jm-93 
16Jlm-93 
ItJm-93 
1LJm-93 
1 6 1 ~ ~ - 9 3  
16Jun-93 
l6Jm-93 
15 b 9 3  
15 Juri-93 
15 11m-93 
I5 Jun-93 
15 fun-93 
IS Jua-93 
11  1-93 
11  Jlb-93 
11 Jlb-93 
11 Jm93  
1 1  Juu-93 
11 Jla-93 
12 l i b 9 3  
12Ab93 
12-hb 
12 h-93 
22b93 
22 Jm-93 
22 Jm-93 
22 Jun-93 
22 Jrm-93 
22 Jun-93 
22 kar-93 
22 Jm-93 
2 Jm 93 
22 Jm 93 

S lUDkd 
cwrpranenuDcc.errd 

3 
3 
1 
1 

3 
3 
2 
4 
5 
2 
3 
3 
2 

2 
2 
3 
2 
2 
2 
3 
3 
4 
3 
3 
3 
2 
2 
2 
2 
3 
3 
3 
3 
2 
1 

.. c 

- 
L 

- - 
2 

Y 
8 

88 
1M) 
27 
9 
2 

25 
2 
1 

2s 
2 5  
25 

9 
8 
9 

13 
2 

10 
9 

33 
2.5 
2 5  

2 
25 
2 5  

2 
9 
u 
2s 
2.5 
25 
25 
2.5 
2.5 

8 
33 
2.5 
:a 
3 

- H a  

49 
42 

100 
44 
56 
37 
27 
14 
52 
47 

4 
6a 
22 
28 
22 
18 
41 
23 
23 
90 
34 
33 
39 
44 
21 
33 
33 
41 
49 
25 
19 
37 
85 
66 
34 
33 
33 
30 
20 

as 



Table 2 1 4 3-4 Summaw of Constituents Exceedmg Background 
M S S  115 Stage 4 Groundwater 

d n c  \ame 

Uununum Toul 
h u m  T w l  
ikrvllium Toul 
Lallnum T w l  
ChmrmumTwl 
Cobrh Toul 
Copper Toul 
iron Tomi 
Lud Toul 
Lihum T w l  
W q i u m  Total 
wall- Toul 
Vcmrrv Tocrl 
VickeL Toul 
Potassium Toul 
jllicon i o d  
Sliver Toul 
Strontium Toul 
Tm Toul 

anaaium Toul 
Zinc Toul 

-.- . 
ZL I L- ', 

542 73 

-8 14 

4 40 
-3 816 IS 

2 '8 
9 40 

:9 12 
i4 654 '3 

' 1 -< 
147 37 

38q411 
:jl 64 

,' 22 
T 1  58 - 4- 5 c  

-8 399 5 %  
I -  20 

-44 2' 
"620 
16 64 

"3 21 

.. 
A 80 _. 

J 

J 

.9 40 + 

J 

4 7 

J 3 
4 I 
4 I 
4 3 
4 
J 

-I L 

- 3 
J 

in' 00 4 

J 

4 
4 

4 2 

'le \fa S1CeMy 

W O O  26200000 80422SO Uoh 
"-EO * J M 0 0  12127s  uoh 

I 90 IJ 30 705 uoh 
8340000 146OOO00 12710000 uoh 

' 0 0  3 q 4 0 0  103M llDh 
lj 60 300 47S7 uah 
' '0 :2600 13685 uoh 
W O O  29400000 9961230 uoh 
1-0 :Moo 8955 uoh 
500 21900 7080 uoh 

-1  qO000 6700000 3530000 uoh 
'400 '48000 3.233SO UOlL 
0 10 I30 0 5 s  uoh 

' 4  (0 3800 98 I8 Uoh 
'CO 00 7730000 15 132SO Uoh - '30 00 3q4 000 00 114 832 SO Uoh 

' I )  16 30 7 2 0  uoh 
601 00 -60 00 87425 Uoh 

'960 ~ 0 0 0 0  13990 U o h  
' 0 0  60600 19710 Uoh 
-90 98200 36~n uoh 

Analwe Kame BLTL '1 'Iax. Conc 21 YO o i ~ n a l v u s  Vo of h a l w  , B L n  Site VI& Site M a r  SI@ Avr. iIpdi 

Plutonrum 2391240 Total "6 4 c 91 3 17 008 PCUL 
- m u m - 2 4 1  Toul 3 03 4 - 0 00 I) 05 003 PCUL 

Radium 226 Toul s -9 ' '0 4 40 395 PCUL 

5emr-Vnlanle Omaam 

r)acr~on Lunn \o of halvrcs KO of Detenr 

10 00 c - 
'0 00 < 1 
'0  00 T I 
10 00 < 1 
' 0  00 T 

il)  00 ' - 
10 00 < L 

10 00 c 
1000 ' 2 

* . 
-I - 

SM Mm. 

4 0 0  
3 00 
2 00 
5 00 
3 00 
3 00 
q.00 

5 0 0  
2 00 

Site Max. 

' 0 0  
00 
' 00 
6 0 0  

00 
'00 

13 00 
600 
5 00 

SlUAvrm 
4 m  uoh 
4 6 0  uoh 
4 4 0  uoh 
520 Uoh 
4 4 0  uoh 
4 4 0  uoh 
7 4 0  uoh 
S f O  uoh 
4 0 0  uoh 

b a l w  \ m e  Detection Lunit ' o of halwcs \o of Dekcts Site UIS SIte%hx 

IETHYLE'-E CHLORIDE 30 4 1 1 qo 5 00 338 UG/L 



E 

(L 

7 N 

i 

Y 
- 5 

.. 

L 
w 

llcl 
r? 
7 
3 VI 

7 
N 



TABLE 2 4.43 6 

DETECTED SEMI VOLATILE rtYD TEIYTATIVELY IDENTIFIED SEMI VOLATILE CONSTITUENTS 
m s  lis M O N ~ ~ O R I N G  WELL GROUNDWATER SAMPLES 

Sampie Sample 
Locanon Vumber Tvpe 

9193 GWOI024WC GW 

79493 G W 0 1 1 W C  GW 

79593 GWO1167WC GW 

Sampie 
QC Code 

XEiU 

REAL 

REAL 

3ample 
Date 

Result Detection 
Chemcal (ug/L) Limt 

X-lun 93 V A P H T H i U B E  13 10 
4 c E ' j A P m i E  4 10 

FLUOREVE 3 10 
PHEXANTHRENE 6 10 

DI n BUTYL PHTHALATE - 7 10 
FLL'ORANTHDE 4 10 

PYREhE 3 10 

C W O W N  9 6  

11 Aug 93 "ALENE 
A C E N A P " E  

FLUORENE 
PHM- 
l = L l J O U " E  

PYREWE 
BISO ETHYLHEXYL)PHTHALATE 

13 Aug 93 DIETHYL PHTHALATE 

10 
10 
10 
10 
10 
10 
10 
10 

qJo 15GWSVEFWK3 



T =O  10711 R2lhnn 
s = O.o005!B2 



TABLE 2.4.43-7 Coatinud 
SUMMARY OF I U S  115 AQUIFER TEST ANALYSES 

salurated ftllCk. 303 f t  :K=O00000382Nrmi 

stat ht of wat col i 1 eff well scr ~ t h  ' 7 0 3  ft ; ~ 0 = 1 2 4 4 n  
; 

I 3 0 3  ft. ; 
! 
I in well 
I 

I 
I 

- - t PW59593 ' 8/9/93 Hmd ~ 595SU - - 
I 

i 

I 

PW59C93 3 '9i93 Trmsd. '9593SLG I - - - 
I 



1 

4 

7 

S 

9 

10 

11 

12 

13 

14 

15 

16 

1' 

18 

19 

20 

23 

21 

25 

26 

Semnent ID 
1 2  

3 4  

1 4 2  

4 2  4 2 1  

4 2  4 2 2  

4 2 2 - 4 2 3  

4 2 3  4 3  

4 3  4 3 1  

4 3  31 

4 - 4 6  

4 6 - 4 5  

4 - 5  

5 5 1  

5 6  

6 - 6 1  

6 1  6 2  

6 2  6 3  

6 3  6 4  

6 4  6 5  

6 7  

7 - 8  

8 - 9  

9 - 9 1  

9 1 10 

lo- 11 

Table 2 45.1-1 
Area 400 Storm Sewer Inventorv 

Len- ( F Q  

570 51 cw 
368 36 CMP 
138 30 RCP 

90 24 R B  

110 18 RCP 

24 1 24 RCP 

10 18 RCP 

348 18 RCP 

240 18 RCP 

1 60 18 RCP 

33 18 RCP 

163 i8 RC? 

169 30 R B  

60 15 RCP 

30 R B  

79 21 RCP 

161 18 RCP 

175 18 RCP 

178 18 RCP 

167 15 RCP 

79 21 RCP 

44 21 RCP 

158 21 RCP 

18 24 R B  

87 21 RCP 

235 I5 RCP 

Diameter r In) and T\w -' 

-- 
3 3  



Table 2 4 6 3-1 
Results of Ambient &r Monitonng at Selected RAAMP Samplers Associated with OU5 

(Results concurrent with available OUS sampler resuits October 1992 Au-mt 1993) 

Radionuclide (pcilmi) 

W P  Samden 

S 13 
(north of IHSS 115) 
Number of samples examned (n) 
Sample overage (x bar) 
Sample standard deviauon (s) 

S-14 
(north of IHSS 133) 
Number of samples examrned (n) 
Sample average (x bar) 
Sample standard deviation (s) 

S-23 
(downwmd of IHSS 115 and 133) 
Number of sampies examrned (n) 
Sample average (x bar) 
Sample standard devirtlon (s) 

S-32 
(upwind at west Plant boundan) 
Number of samples examrned (n) 
Sample average (x bar) 
Sample standard deviation (s) 

S 38 
(downwind at east Plant boundarv) 
Number of samples exarmned (n) 
Sample average (x bar) 
Sample standard deviation (s) 

Plutomum-238 Plutomum-239 

8 
I25E 19 
3 54E-19 

9 
4 22E 18 
6 ME-18 

8 9 
3 75E 19 2 78E-18 
151E 18 6 51E 18 

10 
0 
0 

10 
8E 19 

1 55E 18 

10 
8E-19 

9 19E-19 

10 
3 7E 18 

6 24E-18 

10 
7E 19 

106E 18 

10 
125E 17 
3 39E 17 



N 
P 
91 

- 
Q 

e 
W 

I 



Table 2.5 2 1-1 
1992 Tnpod -\founted HPGe Survev Results 

IHSS 133 
Results Reported in pCdg 

I 

! 00573 

B13 , 738015 j 2080145 I 965 I 091 128 I 2 4 2  ! 00936 

B14 : 738015 ' 2080295 j 10 I 0 7 8  , 136 I 205  I00607 

7080445 ' 12' ! 124 104 0 I 00283 B15 

B 15 718015 ' 2080445 '31 i 0698 I 112 i 118 j 00895 

I 748015 ! 1080595 159 i 0649 0975 I 191 I 00548 1 
I 817 , ' 718015 1 2080745 75-' j 0678 103 1 8  I 00428 

I '  
B18 I 748015 2080895 8 95 131 0971 123 00345 

c 7 I  747865 2079245 14 3 1 0964 2 0 2  00438 

2079395 1 46 113 196  00272 8 12 5 C8 : 747865 

I 747865 ! 2079545 853 0 96 101 172 00647 

' * -  11 B E  ' 718015 3079995 I 122 0833 I 101 I 0 
I 

I I 

I 738015 ' 
I 

I B16 
I 

8 

I 

I (  

I c9 
I ClO 717865 ' 2079695 I 803 I 085 i 21 I I 00668 

' c11 8 717865 I 2079845 I 8 39 0842 125 I 246 I , 00721 

c12 ' 747865 I 2079995 7 2 8  [ 108 107 I 141 I00214 

c12 747865 2079995 I 693 I 0712 101 I 1 4  0 0646 

0 152 

0 619 

0 476 

0409 

0 36 

0 342 

0 746 

0 645 

0 136 

0 281 

0 247 

0 514 

0 563 

0 333 

0 357 
/ I  

I C13 1 747865 I 2080145 936 I 0867 I 139 I 2 2 8  I 00791 0 811 
I i C 1 l  i 747865 2080295 I 6 2 3  I 177 I 113 1 131 I OOOO618 0 938 

I /  C15 ! 747865 i 2080445 i 7J6  I0817 I 125 i 2 1 1  I00731 0 608 

I !  C16 I 747865 1 2080595 I 449 1 0642 0852 I 138 I 00372 
I C1' I 747865 2080745 I I 562 1 0721 103 I 1 5 2  I 00367 

0 719 

0 829 
I I 

I .  C18 1 717865 1 2080895 j 531 I 0706 0976 I 155 I 00655 

I '  I /  D3 I 737715 I2078645 637 161 0841 I 168 I O  

0 678 

0 387 
I /  i 
I D4 j 747715 20711795 ! 697 I 119 I 0977 1 156 I 0021 0411 

Sheer 1 of 4 



Table 253 1-1 
1W2 Tnpod -iMounted HPGe Survctr Results 

IHSS 133 
Results Reported in pCdg 

I 

i 

I 
I 
I 

t E2 I 747565 I 2078495 1 156 11 IS 
11 E3 I 747565 I 2078645 I 652 I 109 

ll E5 ~ 1 747565 12078945 1 122 I 159 

11 E6 I 747565 I2079095 I 184 I 17 
II E7 1 747565 i 2079245 I 163 I 156 

747565 2079395 9 63 1 03 I 

I. 
E9 747565 2079545 10 4 1 1  

Sheet 2 of 4 



134 I 1 9  198 231 0322 0 489 

Table 2.5 2 1-1 

IHSS 133 
Results Reported in pCdg 

1992 Tripod Mounted HPGe Survev Results 

I I E10 1 747565 2079695 11 1 ~ 122 1 69 

' €11 i 747565 2079845 I [  
I I! E12 747565 2079995 

I -  
1 E13 747565 2080145 I 1 E14 747565 I 2080295 

E15 I 737565 I 2080445 

I E16 I 747565 I 2080595 

1 E17 I 747565 2080745 

E18 747565 2080895 

F1 747415 2078345 

!I F2 1 747415 2078495 

I n  F3 I 747415 I 2078645 

I F4 I 747415 I 2078795 

F5 ; 747415 I 2078945 

I F6 I 747415 I 2079095 

, F7 

I 

I 
' I  

I I 

I 

I 

I ,  

15 9 1 4  2 23 

15 3 13  2 25 

8 88 104 1 36 

10 3 ~ 127 1 3  

17 6 1 68 2 38 

14 5 112 191 

14 2 1 22 1 84 

9 22 112 134 

15 3 1 52 2 69 

13 8 141 2 23 

12 3 1 03 198 

13 5 101 177 

15 4 188 2 2  

23 6 1 79 174 

133 

2 22 

8 67 0 943 
I 
I F8 I 747415 1 2079395 15 4 1 32 

' I F9 1 747415 I 2079545 
I /  

! /  F10 I 747415 I 2079695 9 41 217  I 0 3 7 5  I0484 11 
I !  I F11 1 747415 1 2079845 8 24 

I I 
I :  F12 , I 737415 I 2079995 

I: I F13 I 747415 1 2080145 
I I I F14 1 717415 12080295 

~~ 

919 ! 167 I 1 5 1  I 2 4 9  100442 I 0 4 1 6  11 
F15 747415 1 2080445 

i 
I 

I 

Sheet 3 of 4 



Table 25 2 1-1 
1992 Tripod -%ioufitd Hffie Survev Results 

IHSS 133 
Results Reported in pCdg 

I/ F16 I 737415 

1 747415 i 2080745 j 126 1 5  193 1 6  0049s 0327 I F17 

F18 I747415 1 2080895 13 1 115 168 2 5 4  00785 0538 
'I. 

1 G1 I 717265 I 2078345 I 146 I 145 2 218  00604 0399 

G2 '47265 2078495 I 13 ! I 4  1224 2 4 4  0114 0 421 

1 G3 I '17265 2078645 ' 902 0809 1 135 184 00334 0332 

I 
I 

r 

1 G1 I 737265 2078795 I 13 7 112 2 14 265 0153 0469 

G7 747265 2079245 13 2 1 73 218 2 9 8  00408 0403 

G8 747265 2079395 903 0966 136 268 O.WS7 0423 

G9 747265 2079545 ' 857 0,927 I 2 2  176  00387 10323 

11 G11 1 747265 1 2079845 I 1 1  8 1 107 187 I285  00788 IO326 

G13 I 747265 I 2080145 I 159 1 115 ! 229 4 10154 10521 

G14 i 747265 :080m I 107 i I 57 165 1 2 1  100211 10444 

G15 I 747265 1 2080445 I 12 1 1 82 197 1 88 00469 0467 

1 GI2 I 747265 I 2079995 1 138 1 127 I 2 1  1 2 3 8  1 00812 I 0428 

1 G16 I 717265 I 3080595 I 13 1 07 183 2 8  0 08 0 41 

I 
0 456 

102 211 00436 0146 

I 
G17 1 747265 I 2080745 1125  I 1 5 1  1 67 171 0 0561 

I 

GI8  1 747265 i 2080895 I I S 3  I 107 
I H13 I 747115 2080145 13 3 113 19 : 254 00711 0592 
I 

' H14 I 747115 ! 2080295 , 867 121 142 203 { 00666 04S7 

1 H i 5  I 747115 1 2080445 163 I 118 203 I 248 1 00731 0385 

I H16 i 717115 I 2080595 i 16 117 1213 236 0118 0 517 

1 H17 I 747115 2080745 I 118 I 0 9 Z  I 161 I 178 0104 0 413 

Sheer 4 of 4 



Table 2.5 2 1-2 
1993 Truck -1lounted HPGe Survev Results 

IHSS 133 
Results Reported in pCdg 

I /  STATIOV 
IJ= C P  I ThDa LJ= ! i 

I 
./ B12 1 748015 i 2079995 12 I 116 10914 I 138 100594 10152 11 
I B13 1 748015 1 2080145 I 852 i 0 8  I 1 03 I 1 4 7  1006 

// B14 I 748015 ! 2080295 I 823 I 0779 
I ' j  ~ 1 4  I w o 1 5  : 2080295 1 895 0993 

! B15 i 718015 7080445 ! 116 i 0816 j 0909 1 112  100606 10335 
I I 1 4 9  100439 10266 

B 16 I 718015 I 2080595 j 1 1 3  I 0606 i 076  

0955 123 00379 0353 

0957 117 00572 I 032 

B 18 748015 1 2080895 829 

I C 7  747865 I 2079245 102 

0687 

0 626 

10395 1 :z I 0743 1 ::: 0 836 0 0377 

0693 1.27 00497 0112 

I 747865 I 2079395 1 1 1  5 0908 

I c10 I 747865 ! 1079695 I I 888 I 1 I l l  I 1 5 9  100489 I 0 4 3 2  

c11 j 747865 2079845 ; Y 17 i 0996 1 105 1 143 I 00819 i 0426 

101 

0717 

~~ 

165 00744 10166 

161 00704 I 0181 

I c 12 j 747865 j 2079995 7 16 0874 1 0974 I 123 i 00748 

00629 

' i CIA 1 747865 I 2080295 i 595 0743 0944 136 00403 

I [  C13 I i47865 2080145 i 8 3 3  0 874 118 157 
i 

0302 

0597 

0625 

C15 

'1 C16 

105 I 122 I 0581 I 0287 11 

747865 2080435 654 8 28 0976 I 126 00353 0501 

747865 I I 2080595 1 529 0801 087 I 123 00471 0541 

Sheet 1 of 4 

0605 ' 125 

0738 105 

0794 1 5  

0 999 121 

0 931 121 

00272 I 0378 

00432 0388 

00465 0293 

0062 0379 

00764 048 
I 

I D5 1 717715 I 2078945 1 7 57 0 751 



Table 2.5.2 1-2 
1993 Truck -Mounted HPGe Survev Results 

IHSS 133 
Results Reported in pCdg 

I 

0795 112 154 

0766 108 18 

0 743 106 23 

0 765 121 1 98 

0699 102 153 

D7 1 717715 I 2079245 I 13 7 
i I 747715 1 2079395 I 15 

747715 I 2079545 1 9 39 
747715 I 2079695 1 108 

0 0778 

E+% 
0 0748 

1 747715 1 2079845 I 9 18 
, 
11 D12 i 747715 I 2079995 i 942 
I 1  1 D13 I 747715 I 2080145 I 642 
D11 1747715 12080295 I901 IO734 I 117 1 17 

00986 I 0331 D15 747715 208044s 12.5 0853 143 161 

D16 747715 2080S9S 126 1 03 1.36 1.52 

D17 747715 208074s 10.2 102 118 192 

D18 747715 I 2080895 107 I 0901 121 158 

O m 3  I 0.317 

00549 I 0372 
00645 I 0356 

~ 

I - -  

I El ' 747565 1 2078345 i 651 [ 0755 0894 103 

, E2 747565 I 2078395 ! 631 I 0709 0966 135 

06% 0931 118 

0876 105 1 1  

0892 114 141 

0987 169 195 

00687 10.511 747565 I 2078645 1 601 
! I  E4 747565 i 2078795 I 108 
I E3 

00417 I 0198 
E5 1 747565 i 2078945 ' 108 

I: 

f E6 747565 2079095 15 9 

E6 

0054 Io222 

00843 I a332 
00914 10315 

E7 747565 2079245 148 

747565 2079395 15 1 
I 

0101 0281 

0 I1 0.279 

0121 0333 

0138 031 

0 16 0 333 

0152 0402 

1 E9 1 717565 i 2079545 I 641 0 726 1 14 3 36 

0944 I162 39 

102 184 3 65 

0906 175 3 51 

E10 1 747565 1 2079695 1 11 7 
!' Ell 747565 I 2079845 , 135 
1. 
" E12 747565 2079995 127 

Sheet 2 of 4 

*--..A- - 



Table 2.5 2 1-2 
1993 Truck -Mounted HPGe Survev Results 

IHSS 133 
Results Reported In pCdg 

~ - 

WORTH EAST K' 
I 

1 85 

1 747565 1 2080295 j 11 1 I 0832 I 139 194 

1 747565 2080445 1 86 2 46 146 1 102 

E16 747565 1 2080595 13 I 1 1 4  157 1 67 

i 
E13 i 747565 2080145 I 959 1 0812 I 131 

I 

I 
I i47565 2080745 ' 115 1 108 I 143 I 191 

~ 

Uud csm 

00895 0363 

00812 0425 

0 114 0355 

00987 036 

I 00869 I 0363 
I I E18 : '17565 2080895 ' 9 12 i 0851 1 1  

I1 

i! FI ! 747415 I 9,078345 j 1 3 3  114 I 2 2 6  

1 4  00452 0349 

2 05 0 108 0377 

F2 1 747415 I 9,078495 1 13 1 108 1 202 

F5 I 747415 1 2078954 1 142 I 1 I 1 9 2  I 1 8 7  10102 1039s  

. ~~~~ 

00938 0367 2 

~~ -~ 7 ~ _ _  
~~ 

I i  F6 [ 747415 12079095 ! 187 1 24 011 I 0281 

, E  I 747415 2079245 15 i 1 2 0 3  1 2 3 4  0107 039 

E3 747415 

' F4 747415 

I F 9  i 747415 ! 2079545 992 10786 1 138 1 2 7 5  I 0 1 1 8  10344 11 

2078645 13 0979 2 

2078795 124 0878 167 

j 747415 1 2079695 ; 10 

j 737415 I 2079845 j 936 
I 

i%i I 0 3 6 3  I 0 4 1  1 
0 109 0379 

1 0118 0367 

0 803 1 54 

0842 136 

Fl3 747415 1 7080145 1 15 1 1 119 I 232 

747415 1 2079995 ! 108 i 0835 

(1 F14 I 747415 i 2080295 j 102  I 0826 I 147 

143 

I [ (  F15 I 747415 1 2080445 I 132 I 101 

i F16 ! 747415 ! 2080595 ! 114 I 1 1 1  

181 

138 

i I ? G I  I 717265 ! 1,078345 i 12 I o 9  i 169 

1 F17 i 747415 1 2080745 107 I 109 

.I F18 1 737415 2080895 ! 108 t 0925 

357 I 0163 I 0528 11 

138 

128 

2 27 0112 0424 

182 I 00985 I 0398 

1 63 00653 0378 

173 00765 0391 

202 [ 0099 0356 .. 
Sheet 3 of 4 



Table 23.2 1-2 
1993 Truck -Mounted HPGe Survey Results 

IHSS 133 
Results Reported in pCi/g 

1 YORTH ~ EAST 1 K" 
STATION SURVEY I I 
G2 747265 I 2078495 129 

.~ 

1 G2 ' 747265 -1 2070495 . 129 

1 G3 747265 I 1,078645 . 106 
I 

G4 1 747265 2078795 12 3 

G7 I 747265 I 2079245 11 3 

I 

0993 2 175 0 12 0.384 

105 202 212 009 0371 

12 1 76 176 00861 03% 

I31 1 89 175 00718 0383 

0834 154 1 76 00913 0321 

1 23 168 171 00798 0361 

G11 747265 2079845 109 0 863 151 189 00909 0332 

G12 747265 2079995 126 0986 1.82 2 18 00892 0371 

G13 747265 2080145 15 1 1 12 213 3.59 0166 0486 

0857 I 48 00858 0402 G14 747265 2080295 11 6 162 

1 G15 747265 I 2080445 I 116 0 949 171 I91 00919 0397 

1 G16 I 747265 9080595 1 11 5 121 159 167 0078 I 0375 
747265 I 2080745 I 109 I 114 I 133 184 00829 0359 I 

I G18 I 747265 j 2080895 I 1 1  1 101 156 168 00628 0343 

I 747115 I 2080145 I 11 4 0 794 151 1 85 0115 0429 1 H13 

G17 

114 I 1.83 I 21 I 00883 I 0373 
113 1173 1176 100904 10393 

1737115 I2080745 I 108 I 0965 I 142 I 171 I 00709 I 0328 
I 
I/ H17 

Sheet 4 of 4 



Table 2 5 3 1-la Summarv of Consutucnts Exceedmg Background 
IHSS 133 Stage 3 Surbce Sods 

R8dioaucMa 



Table 2 5 3 1 - 1 b Summary of Consutucnts Exceedrng Background 
mss 133 stage 3 seep/spMg SedunmtS 



TABLE25321 

CRILLING SUMMARY FOR IHSS 133 BOREHOLES 

Borehole Total Surface Depth To Depth To Deoth of Ash/ 
Eorenole iscation Deptn E’evanon BedrocK Bedrock Groundwater Waste Matend 

laentification rlHSS) iFeet) ,Feet) (feet) Encounterea (feet) (feet) - --_--_---_ ----- ---I--------------- ------------ ----------I-- 

561 93 

56893 
56993 
57093 
571 93 
57293 
57293a 
57293b 
!j7293c 
57393 

56293 
56393 
56393a 
56393b 
56393c 
56493 
56593 
56693 
56693a 
56693b 
56693c 
56793 

55593 
55693 
5693a 
55793 
55793a 
55793b 
55793c 
55793d 

55993 
56093 
56093a 
56093b 
56093c 

55193 
55293 
55393 
55493 

55893 

54893 
54993 
55093 

5 7493 
57593 

133 1 

:33 2 
133 2 
133 2 
133 2 
’33 2 
133 2 
133 2 
133 2 
133 2 

733 1 
’33 1 
133 1 
’33 1 
133 1 
133 1 
133 3 
133 3 
133 3 
133 3 
133 3 
‘33 3 

’33 4 
i33 4 
’33 4 
‘33 4 
133 4 
133 4 
133 4 
133 4 
133 4 
133 4 
733 4 
133 4 
133 4 
133 4 

133 5 
133 5 
133 5 
133 5 

‘33 6 
133 6 
133 6 

PBD area 
PSD area 

34 0 

24 3 
32 3 
37 1 
18 5 
30 9 
12 0 
12 0 
‘2 0 
30 2 

14 0 
‘2  0 
I2 0 
72 0 
5 0  
10 0 
19 0 
9 0  
4 0  
4 0  
4 0  
18 0 

30 0 
29 0 

25 9 
12 0 
12 0 
$ 2  0 
’2 0 

21 0 
16 0 
72 0 
:2  0 
12 0 

12 0 
14 0 
33 3 
36 2 

‘5 0 
14 0 
14 5 

30 4 

.a o 

a 0  

* a  o 

6074 8 

6027 4 
6025 0 
6023 8 
6018 2 
6016 5 
6016 4 
6016 8 
6015 8 
6014 2 

6035 5 
6032 7 
6032 2 

6032 6 
6032 5 
6030 4 
6027 0 
6026 1 
6025 1 
6026 8 
6022 4 

6032 2 
6033 9 
6033 9 
5035 0 
6034 7 
6034 7 
6034 5 
6035 6 
6037 9 
E037 8 
6037 8 

6037 9 
6037 8 

6047 5 
6048 6 
6081 6 
6081 6 

6030 5 
6024 6 
6020 7 

6030 4 
6025 7 

6030 a 

6038 1 

28 

18 2 
26 3 
34 1 
i 2  5 
26 9 

24 8 

6 3  
6 9  
5 0  
3 0  

4 6  
13 6 
2 5  
2 0  
2 0  
2 0  
10 9 

24 0 
23 0 

23 4 

4 2  
143 
8 9  

10 0 

6 0  
8 0  
27 0 
32 8 

9 3  

8 6  

:8 6 
11 7 

a 2  

clay stone 5 0  

clay stone 2 4  7 7  
clay none 1214~1220 a i  8 7  

clayey sanastone 14 6 
claystone 
clay stone 

claystone mknown 

clay stone 
clay stone 

silty claystone 
silty claystone 

claystone 
clay stone 
clay stone 
claystone 
claystone 
clay stone 
clay stone 

0 5  

claystone 
claystone 

claystone 

clayey siltstone 
clay stone 
clay stone 

claystone 

claystone 
silty claystone 

claystone 
claystone 

clay stone 
silty claystone 

clay stone 5 0  

sandy claystone 16 0 
sanay claystone 

0 6 9  

3 0  5 0  

i 5  5 

5 0  7 0  

2 3  110 

159 175 



TABLE25321 

DRILLING SUMWRY FbR HSS 133 BOREHOLES 

- 

Borehole Total Surface OepthTo Deoth To Depth of Asht 
Borenole Locatlon O m h  Elevauon Bedracrc Bed& Groundwater Waste Matond 

Identification (IHSS) ;Feet) (Feet) (feet) Encountered (feet) (f-1 ------- -------------I__------------------------ 
58093 HPGeAnom 160 80358 100 stltyclystono 7 0  0 100 
58093a HPGeAnom 5 0  6035 8 0 5 0  

Water not detected until abandonment procedures took plat% assume# watof from grovel layer lust above 
bedrock 



Table 2 5 3 2-2 Summarv of Consunrents Exceedmg Background 
IHSS 133 Stage 3 Hydropunch 

ralvu \ m e  

l u m u r n  i o u l  
Eanum. ioul 
3elvlllum -oui 

Cdrmiun Toul 
ChraruumToul 
C a h h  Tout 
C~ppcr ioul 
Jon Total 
-ud. i o u l  
flagmiurn Toul 
’hnng.ocrc iout  
’dmnm Toul 
\ickeL foul 
P o ~ i u m  ioul 
Silver Tout 

madium Total 
-.ne TGU1 

-. - - - !  
c 

542 73 

8 14 
: 80 
‘ 10 
2 58 

79 40 
‘9 12 

2 6‘4 <3 
i ’5 

’8 8<4 11 
-31 64 

3 22 
‘- 68 

2 4-2 6S 
‘ 3  00 
‘6 64 

‘21 

I L T L  

0 03 
390 58 
’21 31 

Pluto~um139/240 ‘Total 0 06 
Radium-l26 Toul I29 
Lnluumt33234 Tow 1 U  83 
Lmum23S Toul ‘ 23 
C m u m  -38 Tom1 ‘4 17 

J 

4 

4 80 i 

‘ 1  10 4 
4 

39 40 4 
4 

4 - 
4 

J 
4 

4 
4 

‘0 00 4 

3 

1 
3 
1 
3 

- 
I 

1 
3 
4 

.. 

\ite U q  >.tc\4Uc. SitcAw 

4 540 00 1-2 000 00 ‘6 J3S 00 UGIL 
‘3300 31700 43450 UGA. 

n -0 3 80 S30 UGI. 
2 so 6740 1940 uoh 

1960 19800 780s voh 

3670 1 ‘8000 5226s UQR. 
9 390 00 19s 000 00 64 822 50 U o h  

’0 90 6840 446s U o h  
1-.30000 39-00 2837500 uoh 

20900 i i M O O  J752J uoh 
0 10 0 29 015 uoh 

3 0 0  13800 6380 Uoh 
<‘6000 ZS10000 11.31000 U o h  

I O 0  13800 6805 Uah 
I4 00 ‘900 9017 Uoh 

’-500 1‘4000 “267 Uoh 

J 60 -1 60 2S41 

0 01 2 32 
2668 303800 
3847 289900 
400 2 31 
-40 - 40 
396 620-0 
0 29 ‘0 94 
4 0 1  -:so0 

or1 #FyL 
41S67 PCVL 
23s12 

o t s  PCVL 
740 PCYL 

22094 PCVL 
1922 PCVL 

2397s PCVL 



Table 2 5 3 2-3 Summary of Comtuents Exceedmg Background 
MSS 133 Stage 3 Charactenunon Boreholes 

'LT i 
47 00 
i4 66 

1' -s .. 17 
'6 30 
~2 60 
42 43 

421 42 
101441 

67 60 
69 05 - 002 88 
34 39 

323 37 
i'S97 

J-1 20 

ax. conc. ..I t o  ot trlvla \o o t w n a  4 3 L l t  

4- 00 I97 
97 I 

37 
107 1 
I07 
107 2 
107 3 
107 '0 
I04 1 
107 4 

67 60 107 I 
107 3 
107 1 
88 6 
I07 1 
I07 6 

. - 
- 
- 

<*le MI& 

500 
i 00 
560 
9 28 
0 so 
2 70 .. 10 
3 60 

2.340 00 
-6 40 
390 
3 60 

527 00 
100 
2 4 0  
' 6 0  

3ltC May Site A y  uolp 

'4900 8 7 3  M-0 
1730 344 MOIKO 

58300 14445 MOR(0 
131 00 223 MontO 
J6 90 2.48 LKM(0 

8.31000 9303 LICMU) 
67 60 98s 1w/Ko 

-93000 85- M a 0  
q 2  10000 lS.27173 MOIKG 
1x000 278.64 M a l m  

12900 2044 Mon<o 
475000 6064 MCVlCO 
'04000 1.397otMMco 

31100 I l 2 S  HolKki 
'7900 26rn btOR(0 

239000 12009 M-0 

RL7L 1 )  

0 02 
49 48 
40 7s 
0 02 
3 2s 
0 14 
' -3  

'lax. corn 21 50 or Mm ho afAnQlm6>81r& 

104 10 
110 7 
1 1 1  1 1  
97 I f  
110 9 
110 14 
I10 27 

xs3& 
-000 
6 43 

16 94 
om 
0 3S 
000 
0 s1 

Slte Mu. 

0 61 
742 00 

1 sa000 
0 94 

I26 00 
37 68 

1 loo00 



Table 2 5 3 3 - 1 Summarv of Constituents Exc&g Background 
MSS 133 Stage 3 Magnetrc Anomalv Boreholes 

R- 





Table 2 5 4 1-2 Summarv of Constituents Exceeding Background 
MSS 133 Stage 4 Groundwater 

Analwe Vame 

Anuzmum 241 Tout 
Radium i26 -oUl 

: 80 

39 Jo 

1 
1 

~~~c -; ' 0  hair -  \ o  01 -\nai-ms-.ijL7t h.ieMm. b ~ t c V a ~  

5420000 3"OOOOO 21060000 U O n  
=-~JOO 55000 i w 5 0  von 

00 940 1720 U(uL 
6860 44200 2'5.30 UGR. 
2400 161 00 92.50 UOR. 
3930 301 00 170 15 wih 

6<90000 41800000 24195000 uoh 
390  11300 6845 uoh 

<I30  20600 17865 U o h  
,200000 ~ 9 8 0 0 0 0  5090000 VCn 

48000 ' 1 S O O  49750 uoh 
91000 3 q2000 221500 UQR. 

0 10 0 24 017 uoh 
4240 11300 17770 UG/L 

9 11000 4970000 '940500 U G L  
I i ?  000 00 205 000 00 1'8 SO0 00 UGR. 

451 00 1 080 00 765 50 UGh 
11400 07400 39400 UG/L 
i1300 60200 3S7SO LIGlL 

8L12. '1 \iax Conc 2) Uo of h a l v ~ s  No of A ~ l ~ r e r  > B L Q  SitcUtn. S i t c H q  Si(cA- Jlpdl 

-3 2 I 40 3 90 2 6 5  PCVL 
03 I 0 02 0 06 004 PCVL 

Warer Oualiw Pararneren 



* *  



Table 2 6 12 1 
Historical RFEDS Data Available for Ponds C 1 and C 2 

Pond C 1 

X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 

X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
Y 
X 
X 
X 
X 
X 
X 
X 
X 

X 
X 
X 
X 
X 
X 
X 
X 
X 
X 

X 
X 
X 
X 

X 

X 
X 
X 
X 
X 

Pond C 2 

X 
X 
X 
X 
X 

X 
X 
X 
X 
X 
X 
X 
X 
X 

X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
x 
X 
X 
X 
X 
X 
X 

X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 

Pswldl 



Table 2 6 12-1 
Histortd RFEDS Dat8 AvaiI8ble for Pmdr C-1 and c-2 

Pondc 1 Pond C 2 

SEW V O U T U  ORGAWC coHwu*IDs 21 

X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 

2371 lwn X 

X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 

X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 

X 
X 
X .. 
X 
X 
I 

X 

X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 



Table 2 6 1 2-2 Summary of Consutuents Exceedtng Background 
fistoncal Pond C-1 Water-Quahty Consutuents 

Vetals 

Anal- \ m e  3~7-1-1) M= Conc . \O h d y s e s  'lo 0 f h . l ~ ~ ~  >ab% Site %. Slu MU. S I ~ A *  e 

\iununum h r o l v e d  4 i 5  
C 3 h u m  hsoivmi 
Cdcmm Lhssoived -0 300 
I-on ihsso~veo <61 
Vagnuium hrolved 9800 
Magnuium Toul 9800 
~langanese R~soolVcd ! 79 

* 

5 
.. 
8 
s 
8 
4 

8 

3 43 a 653 356 UGR. 
1 0 4 6 0  113 
2 41ooO <6500 47663 UG/L 

487 UGR. 3 6 30 1110 
8.510 10800 9,346 uG/L 3 
8300 10100 9 3 5  uG/L 2 

3 ?a 7 300 126 uoh 

Amenmum 241 Tad 002 
i l u t o ~ ~ m  238 Dissdved 007 

4 
187 

1 0001 OU23 am p(3h 
2 0017 0162 am4 PCYL. 

Water Quality Parameters 

\-alnc  \me 3LnL) Conc 3 Vo of Aruiyses Vo of Analyses > B u l l  Site 4lm. Site MU. SIB Avg e 

Bicahrtc  as G C q  191 320 
cutmaIcaac.cq 7,510 

8 
9 

1 46,100 194000 14S.263 U o h  
SO00 13500 S.944 uoh 1 

Semi Volatlle Organics 

Bisi2 ElhvlhexvijPhthalue '0 
31ethvl Phthhtc 10 

9 2 1 5 4 11 L'GL 
9 1 2 5 4 67 LGL 

10 
0&5 

9 3 5 45 15 7 UGL 
15 3 1 18 427 UGR. 



Metals 

BLTL" 

475 
3 893 
*9 2 
5 84 

127 7 
138 1 

so300 
49500 
17 5 
17 0 
56 1 
14 

736 
637 
52 4 
9800 
9800 

139 
385 

3600 
4zoo 
13 26 
6 33 

34100 
3 3 m  
972.4 
590 1 
83 os 
67 07 
28 8 
'5 9 

175 6 

- fax conc J \o of AIuIvsen 

119 
13 

117 
15 

119 
IS 

119 
1s 

118 
15 

119 
118 
1s 
36 
I2 

119 
15 

117 
15 

119 
15 

117 
IS 

119 
1s 

1U7 
13 

106 
I2 
14 

117 
1s 

13 
1 
1 
1 
1 
1 

24 
2 
1 
1 

22 
1 
2 
3 
2 

117 
14 
52 

1 
119 
1s 
1 
1 

11s 
14 
1 
1 
4 
2 
1 
3 
1 

Radlonuclrdes Anolvses 

hcnaum 241 Dudved 0 50 
-\menam 241 T d  OM 
M m u m  239n40 D u d v d  0 79 
P f U ~ U m  239n40 Tarl OM 
Lmuum 233R34 T a d  2 16 
LMIIUII 238 Toul 1 73 

99 
15 
93 
26 
19 
19 

Water Qualm Parameters 

9 32 
191 

53.2 
0 59 
135 
12 8 
0 17 
37 8 
302 
126 

370 
36 
55 
54 
64 
I6 
25 
54 

I23 
255 

2 
13 
14 
52 
3 
3 
7 

27 
90 

1 

SILe biln 

10 
14 0 

0 
1 0  

36 7 
494 

1- 
26.5 

0 
2 0  

3 
0 

06 
1 4  
a 3  

3%0 
7 70 

0 
33 

3010 
490 

0 
1 0  

17400 
27.6 
12S 
220 

0 
11 0 
2 0  

0 
3 0  

Slu 4IuL 

0 029 
o m  
4012 
OOOO 
0 a 0  
0 318 

SIlaMUr 

66 
102 

33 0 
0 50 
0 01 
500 
0 01 
10 0 

1 
0 

SIrS M u  

'0 
4190 

60 
10 0 
200 
u# 

lOIoD0 
109 0 

2s 
YO 
3390 
6.2 

73 0 
500 
500 

1- 
17 0 
228 

loo0 
7400 
120 
448 
102 

63200 
61.0 
1000 
lOW 
2Ooo 
2ooo 
50 0 
228 
3% 

SIU Avl. 

26S 81 
499 
897 
2.8 

83 17 
ass 

4%- 
448 
34s 
6.9 

298.M 

7.2 
41 7 
59.6 

14337.23 
145 

16.S2 

S 71723 
639 
1.54 
30 

48362J8 
49.4 
m11 

990 
4450 

190 
8 1  

16.32 
423  

a74 

in 

Sltr Mu. 

103 
210 
61 0 
080 
3 10 
21 0 
054 
80 0 
522 
21 1 

8 3  StdUmu 
173 VG/L 

492 r H G n  
0.67 MGlL 
0.27 VGIL 

0.151 MG/L 
413 VG/L 
353 MGh 
159 WG/L 

837 wn 



Table 2 6 1 2 3 (cont ) Summary of Constltuents Excedng Background 
fistoncal Pond C-2 Water-Quality Consntuents 

Pesticides/ PCBs 

Semi Volatlle Orfzanics 

C06&06 
1)05&05 
1 
0 0 3 & @ ?  
006&06 
003&03 
306&06 
3U77drO7 
o03&03  

0 18 
0 14 
0 30 
0 0 9  
0 18 
009 
0 10 
0 21 
009 

'SO 
-20 
'00 
YO 0 
180 
900 
180 
2'0 
90 0 

6 30 
19 4 
1 1  0 
3 1s 
6 19 
3 1s 
6 30 
7 3s 
3 1s 

U G L  
tiGh 
UGL  
UGn. 
U o h  
U o h  
U G L  

UGlL 
uoh 

au(2 Elhyihexy1)Phthdue '0 16 
DI n Butyi Phrhahte 10 16 

Volahk Organ= 

4 & 5  
18r5 
4 & 5  
5 
1 & <  
c 

\a Avauable 
'0 
10 
10 
5 
5 

4 & 5  
5 
10 
4 & 5  
10 

5 
5 
5 
4 & 5  

5 
1 & 5  

c 

c 

18 9 200 14 0 11.5 uG/L 
18 2 2 30 10 0 9 18 UGh 

Yo of AMiyrer 

115 
116 
1 I5 
'15 
115 
115 
c0 
26 
96 
95 
115 
115 
96 
l-1s 
115 
114 
115 
114 
115 
115 
115 
I IS 
115 
96 
114 

vo dDetear SlteMin SueMax. 

1 0 20 500 
3 0 10 ? 0 0  
1 0 14 500 
1 0 10 c o o  
1 0 10 5 N  
1 0 10 c o o  

0 20 C O O  

3 ' 9 0  i00 
2 100 co 0 

27 I 0 0  100 
1 0 20 5 0 0  
2 0 20 5 0 0  
1 200 500 
2 0 20 10 0 
2 0 10 c o o  
1 0 20 10 0 
3 0 10 e 0 0  
I 0 20 10 0 
1 0 10 coo 
1 0 20 500 
19 loo It 0 
3 C04 13 0 
4 0 20 600 
5 100 600 
3 004  15 0 

3 

Site A r t  

4 17 
4 20 
4 17 
4 17 
117 
4 17 
3 12 
27 3 
19 4 
23 2 
4 2 2  
4 17 
4 97 
1 22 
425 
8 29 
4 14 
8 34 
4 17 
4 2 2  
3 97 
4 23 
4 16 
4 91 
4 23 

j BLTL values from EG&G (19931) 
If his  column ~omllli a value no BLTL has been calculated for h s  anaiyu The maXUnum background coneenmuon w8s use0 

) Vanable or no deucum h u  arc reponed for vlQwdual analvtes 
tor site to backgrouna canpruonr 

Umu 

U G L  
U G L  
U G L  
UGL 
CG/L 
L'GL 
L'GL 
U G L  
L'GL 
U G L  
tiGL 
U G L  
U G L  
U G L  
UG/L 
UGL  
UGh 
U G L  
U G L  
UGlL 
U G L  
U G L  
UG/L 
U G L  
U G L  

- 

Y 33 
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Table 2 6.2 2-1 

Summarv of GairvLoss ,Measurements in OU3 
Based Lpon Ground-WatenSurface- Water Elevation Changes 

Versus Flow Measurements in Woman Creek 

\larch 1 3,1993 

51293 51393 Gam 
31393 51493 Gam 
21393 51593 !Ass 

1 2  4) 

2 3  Gatn 
j 4  Loss 

I 52493 52393 7 6  IRSS 
8 6 5  Gaul 5393 52293 

5 1593 + 52293 52593 8 

52593 52793 Gam 
52793 53393 G m  
53393 53493 Gain 
53493 53593 Gam 

3+s a Loss 
8-9  Gaur 
9 I O  Gaur 
10- 11 Loss 
11 12 Gavl 

1 14- 13 Gam 53793 53693 

1 12+13 16 Gam 
53893 53993 1 16 17 Gam 
,3993 54593 Loss 17 c1 Loss 
54593 3693 h s s  C1 18 Gam 
54693 54793 Gam 18 20 Gam 

53593 A 53693 53893 

P u l d l l  



Table 2 6.2 2-1 

-..IWU 

Summarv of GainiLoss Measurements In OUS 
Based Upon Ground-Water/Surface- Water Elevaaon Changes 

Versus Flow Measurements in Woman Creek 

Am1 6 8 1993 

51293 51393 Gam 1 2  
51393 51493 Gam 2 3  Gam 
51193 51503 bss 3 4  G;un 

52493 52393 8 7 6  Gam 
52393 52293 Gam 6 5  Gam 

51593 + 52293 52593 Loss 4+5-8 Loss 
a-9 Gm 
9-  10 Gaul 

52593 52793 GW 
52793 53393 G;un 

53493 53593 Gam 11 - 12 G m  

i 
53393 53493 Gam ! 10-11 Gam 

53793 53693 Gam 14 - 13 Gain 

8 12+13 16 Gam 
53893 53993 16 17 Loss 
51993 11593 Can 17 C1 Gam 
54593 -w93 Gam c1 18 
54693 54793 Gam 18 20 

53593 + 53693 53893 
I 

= 
1 

R m Z d l Z  

- -  



Table 2 6 2 2-1 

Summarv of GainiLoss Measurements in OU5 
Based Lpon Ground-Water~Surface- Water Elevation Changes 

Versus Flow Measurements in Woman Creek 

WeU Pomt Woman Creek Woman Creek RFEDS 
well Pomt GauvZoss GamL~ss Ga~nLoss 

m n c  RCSIlh-’) 

Mav6 7. I993 

51293 51393 
51393 21193 
51193 21593 

52493 52393 
52393 52293 

5 1593 + 52293 52593 
52593 52793 
52793 53393 
53393 53493 
53493 53593 

53793 5693  

Gam 
Gam 
Gam 

I 

Gam 

8 

8 I 
Gatn I 

I 
i 

I 

Gatn 
Gam 

Loss 

1 2  
2 3  
j 2  

7 6  
6 5  

4+5 8 
8 9  
9 -  10 
10 1 1  
1 1  12 

14 13 

I 

Loss 
Gam 

Loss 
Gam 

Gam 
Gatn 
GaUl 
Loss 
Loss 

Gam 

* 53593 + 53693 53893 12+13 16 Loss 
53893 53993 16 17 Loss 
53993 Q593 Gam :7 c1 
31593 54693 Gam c1 18 
53693 54793 Gam 18 20 Loss 

8 

8 

I 

h 3 d l Z  



Table 2 6.2 2-1 

52593 52793 * 
52793 53393 Gaut 
53393 53493 Gaur 

Sumrnarv of GaiwLoss Measurements in OU5 
Based Upon Ground=Water/Surfam Water Ekvabon Changes 

Versus Flow lMeasurements in Woman Creek 

8-9  8 

9- 10 1 

I O  11 Gam 

June 17 18,1993 

51293 51393 Gaul I 2  
51393 51493 Gam 2 3  
31493 51593 G u n  1 

52493 52393 I 

52393 52293 I 

7-6 * 
6 5  w 

53793 53693 Loss 14 - 13 * 

53593 + 53693 53893 * 12+13 16 Gam 
53893 53993 w 16 17 Gam 
53993 51593 Loss 17 C1 Loss 
24593 54693 Loss c1 18 Loss 
54693 54793 Loss 18-20 Loss 

S u D m  IC- 

-- % 



Table2622  1 

Summarv of GainiLoss .Measurements in OUS 
Based I., pon Ground-WatenSurface- Water Elevauon Changes 

Versus Flow Measurements In Woman Creek 

Well Pomt Woman G& Woman Creek WEDS 
Well P O ~ K  Ga~wLoss GarniLoss GauuLoss 

-2, SWlQllS .I  -3, 

Juiv 13 13. 1993 

51293 51393 Loss 
51393 ‘I493 Loss 
21493 -i593 I 

51193 52393 
51393 52293 

* 
I 

1 2  b 

2 3  
* A  * 

7 6  Loss 
6 5  * 

51593 + 52293 52593 1 1+5 8 * 

Loss 8 9  Loss 
! 9- 10 GaUr 

8 I 10 11 Loss 

52593 52793 
52793 53393 
53393 53493 
53493 53593 b 11 12 * 

53793 53693 1 14 13 * 

1 12+13 16 Loss 
53893 =_7993 I 16 1’ Loss 
-3993 -2593 Loss 17 c1 Loss 
54593 q693 - C1 18 Gam 
51693 54793 * 18 20 Loss 

52593 + 53693 53393 

i r u 5 d l l  



Table 2 6.2 2-1 

Summarv of Gain/Loss Measurements in OU5 
Based Upon Ground-Water/Surface+ Water Elevabon Changes 

Versus Flow Measurements in Woman Creek 

Aunun 9 13.1993 

51293 51393 8 

51393 51193 
51493 51593 

8 

52493 52393 
52393 52293 

8 

51593 + 52293 52593 8 

52593 52793 8 

52793 - 53393 * 
53393 - 53493 I 

53493 - 53593 * 

1 2  
2 3  
3 4  

8 

I 

7 6  * 
8 6-5 

4 4  8 

9- 10 Gala 
10- 11 ? A m  
I1 - 12 * 

8 

8 - 9  

I 
8 53793 53693 14- 13 I 

53593 + 53693 53893 12+13 16 Loss 
53893 53993 Loss 16 17 Loss 
53993 9593 17 Cl 
51593 S693 C1 18 
54693 55793 18 - 20 

I 

I 

I 

I 

I 



Table 2 6.2 2-1 

Sumnmrv of GairuZoss Measurements in OLT5 
Based Upon Ground-Water/Surface- Water Eievatlon Changes 

Versus Flow Measurements in Woman Creek 

RFEDS well Polnt Woman Cnek Woman Creek 
Well Pomt GarvLoss Gam/Loss GauU'Loss 

SlXRQIS '1 Results3) 

SeDtember 10 14,1993 

51293 51393 I 

51393 51493 
51493 51593 a 

t 

52493 52393 8 -- 5'393 52293 8 

1 2  
2 3  
3 4  

* 
I 

7 6  8 

6 5  I 

8 

8 

51593 + 52293 52593 4+5 8 8 

8-9  I 

9- 10 Gaul 
Loss 

I1 12 

I 
52593 52793 
52793 53393 Gam 
53393 53493 Loss I 
53493 53593 8 ! I 

I l0- 11 

8 53793 53693 14 - 13 * 
I 

I 

8 

53593 + 53693 53893 12+13 16 8 

52893 53993 16 17 Gam 
53993 3593 1: c1 Loss 
54593 $693 C1 18 8 

51693 3793 I 18 20 8 

* 
.i 

h 7 d 1 2  



I 

Table 2 6.2 2-1 

Summarv of GardLoss lMeaswements in OU5 
Based Upon Ground-WaterrSurfacWa?er Elevation Changes 

Versus Flow Measurements in Woman Creek 

51293 51393 
51393 51493 
51493 51593 

52493 52393 
52393 5293 

51593 + 52293 52593 
52593 - 52193 
52793 53393 
53393 53493 
53493 53593 

53793 53693 

53593 + 53693 53893 
53893 53993 
53993 $593 
54593 9693 
54693 W 9 3  

Gam 
= 

* 

Gam 
Loss 
Gam 

8 

8 

8 

Gam 
Gam 
Loss 

1 2  Gam 
2 3  Loss 
3 4  Gam 

7 6  
6 5  8 

4+5-8 8 

8-9 8 

9- 10 cirtn 
10- 11 Lwr 
11 - 12 Gam 

14- 13 Loss 

12+13 16 Gam 
16 17 Loss 
17 CI 
c1 18 
18 20 

= 
1 



Table 2 6.2 2-1 

Summarv of GainiLoss Measurements in 02;'s 
Based Upon Ground-WateriSurface-Water Elevation Changes 

Versus Flow Measurements in Woman Creek 

Well Pomt Woman Creek Woman Creek 
GawLoss GaniLoss Gan/Loss 

b9 SeC 3) PpDq 1 U J t g  ReSlI1l.S' 

RFEDS 
Well Pomt 

November 9.1993 

51293 51393 Loss 
51393 51393 Loss 
51493 51593 m 

1 2  Gam 
2 3  Loss 
3 4  Gam 

52493 52393 Loss 7 6  Loss 
52393 52293 Loss 6 5  Gam 

8 5 1593 + 52293 52593 4+5 - 8 Loss 
52593 52793 Gam 8-9 Gaur 

* 10 11 Gam 
52793 53393 Loss 
53393 53493 
53493 53593 11 12 Loss 

I 9 -  10 Gaur 

53793 53693 8 14 13 Loss 

I 53593 + 53693 53893 12+13 16 Gam 
3893 53993 16 17 Gam 
53993 g593 Loss '7 c1 
2-1593 %693 Gam c1 18 
5.1693 54793 Loss 18 20 Loss 

8 

1 

= 

P u s d l 2  



Table 2 62.2-1 

Summarv of CaiwLoss Measurements in OUS 
Based Upon Ground-Water/SuFfa~Water Elevation changes 

Versus Ftow lMeasurements in Woman Creek 

51293 51393 
51393 51493 
51493 51593 

52493 52393 
52393 52293 

51593 + 52293 52593 
52593 - 52793 
52793 - 53393 
53393 - 53493 
53493 53593 

53793 53693 

53593 + 53693 53893 
53893 53993 
53993 3593 
54593 11693 
54693 54193 

Loss 
Loss 

m 

* 
Loss 

* 
Gsln 
Lbas 

W 

a 

W 

8 

W 

Loss 
Gam 
Loss 

1 2  
2 3  
3 4  

7-6 
6- 5 

4+5-8 

9- 10 
10- 11 
11 - 12 
14- 13 

I2i13 - 16 
16- 17 
17 C1 
Cl 18 

8-9 

18 - 20 



Table 2 6.2 2-1 

Summarv of GaiwLoss Measurements in OUS 
Based Upon Ground-WateriSurface- Water Elevation Changes 

Versus Flow Measurements in Woman Creek 

Januarv 14.1994 

51293 51393 
51393 51493 
51193 51593 

52493 52393 
52393 52293 

51593 + 52293 52593 
52593 52793 
52793 53393 
53393 53493 
53493 53593 

53793 53693 

53593 + 53693 53893 
53893 53993 
53993 54593 
34593 54693 
54693 54793 

Loss 
8 

I 

8 

8 

w 

w 

* 

I 

I 
i 

w ! 

8 

I 
I 

8 

8 

Loss 
Gam 
Loss 

1 2  
2 3  
3 4  

7 6  
6 5  

4+5 8 
8 - 9  
9- IO 
10 11 
11 12 

14 13 

12+13 16 
16 17 
17 C1 
C1 18 
18 20 

w 

8 

w 

8 

w 

m 

* 

w 

w 

8 

8 

I 

8 

RI 11 d l 2  



Table 2 6 2  2-1 

Summarv of GaiwLoss Measurements in OLr5 
Based Upon Ground-Water/Surface-Water Elevatxon Changes 

Versus Flow Measurements in Woman Creek 

51293 51393 I 1 2  
51393 51493 Lass 2 3  Loss 
51493 51593 G u n  3 4  Gan 

52493 52393 m 

52393 52293 W 

51593 + 52293 52593 I 

52593 52793 8 

52793 - 53393 Lass 
53393 53493 Gpu) 
53493 5363 laJs 

7 - 6  
6 5  W 

4+5 8 
8-9 8 

10- 11 Gam 
11 - 12 hss 

1 9-10 Gam 

! 
53793 53693 * I 14- 13 8 

53593 + 53693 - 53893 I 13+13 16 8 

8 Gam 53893 53993 16 I7 
53993 - 54593 8 17 C1 Loss 
54593 5.2693 = C1 18 Loss 
54693 54793 8 18-20 GiUll 

1) Measurement locanon0 an shown on Fig\ae 2 6 2 2 1 
2) Average of ups- and downstrevn gnxmdwaur kvek mmus 

surface water ievels 
3) Doivnsamn rmllcls upsueam &low rates 
4) denotes no data or idficlern data 

Ri l td l t  



Table 2 6 3 1 - 1 S u m  of Consutuents Exceedurg Background 
IHSS 142 Stage 4 MomtoMg Well BorehokS 

Radionuclides 



Table 2 6 3 1-2 Summary of Constmaits E x c d m g  Background 
MSS 142 Stsge 4 Groundwuer 

XIu 
‘ 2  642 33 

163 94 

22 S8 
39 40 
39 12 

320 S7 
1465453 

11 75 
184 57 
331 64 

32 68 
4 472 65 

M 64 
“3 21 

:oa 14 

-18 399 65 

‘-) \o  O t A n d ~  s o  ofAn&w >EL q 
3 I 
3 
3 3 
3 I 

39 40 3 I 
3 1 
3 2 
3 . 
3 1 
3 I 
3 2 
3 1 
3 2 
3 I 
3 1 
3 1 

.1 - 

7 

SlU c(l& 

‘14000 
156 00 
210 00 

2 so 
2 0 0  

1 1  80 
2 so 

4 5 0 0 0 0  
800 
O S 0  

94 20 
5 so 

4 330 08 
1760000 

I50 
37 80 

SlU Ma& a 
35 100 00 17371 67 UGlL 

-s7OO .Ism OOR. 
‘6000 43183 uoh 

4260 19S3 W3L 
a70 19.27 Wn 
‘030 2702 

IS05000 905083 uoh 
7180000 35700aO uoh 

3940 IS22 uoh 
2.93000 1-17 UWL 
3 5 3 0 0 0  2012.07 uoh 

6820 3008 UGfL 
797000 5 6 a a O  UOR. 

7400000 407S000 uoh 
8960 3817 WM. 
‘300 10557 U o h  



TABLE 2.63 1-3 
SUMMARY OF IBSS 142 AQUIFEB TEST ANALYSES 

- w tlme pump 
I 

t 



Table 2 7 3 2-1 Summary of Co- Excadrng Background 
IHSS 209 and Other S u r f h  I)rsturburcw Stage SWfke Sods 

19 
19 

4 
8 

0 01 om om Hxm 
600 3 01 01s pcyo 

A n d v a B N ~  getsacarm &2d%m# u aw&& SNAVrm 
BENZOIC ACID 160000 19 6 18000 800 00 63316 UcYKo 
BIW E-IPtiTHALATE 330 00 19 4 54 00 165 00 14989 uomo 
ISOPHORONE 330 00 19 1 96 00 165 00 161.37 W 



Table 2 7 3 3- 1 Summary of Constmrcnts Excccdmg Background 
MSS 209 and Other Surface Drsturbanccs Stage 3 Charactenzauon Boreholes 

nalm Vame 

chronuum 

Radionuclides 

hnalvte Yame 

PlulaUum-Z39/240 

Vnlrnlt Ore.nRs 

\fa, Conc 21 \o  of Analwa $0 of hnalwa z i 3 q  

15 I 

site Min Site Max. Site Ave &@ 

460 082s  IS 78 MGNG 

SiteMul. Site Mq, SiteAvr. 

0 0 0  PCYO 4 01 0 02 

Detection \ o  ofAnrlW plo o f D m  Site!& S i t e M y  %A!!Lm 
16OOOO 13 5 81 00 YO0 00 52S8S UolKO 

Y 5b 
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